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Observations made in the past three vears on the relative effects ot 
desoxveorticosterone and cortico-adrenal extract on blood-chemical and 
other conditions in adrenal insufficiency have been somewhat confusing 
With increasing utilization of these materials in clinical conditions, it is 
highly desirable that a more exact knowledge of their influence be secured 
A vear ago we reported some preliminary observations on this subject 
(Britton and Corey, 1940), and these have now been extended to include 
further experimental series and more rigorous test methods. Desoxv- 
corticosterone acetate? has been compared physiologically with whol: 
cortico-adrenal extract of high purity prepared in this laboratory (Britton 
and Silvette, 1931). 

Merruops. In all cases except normal controls, tests were made on 
animals from which both adrenal glands had been removed. Small 
amounts of cortico-adrenal extract, and also sodium chloride in the drinking 
water, were first given post-operatively to all animals for about a week 
Treatment was then stopped, and usually within two or three days, when 
early symptoms of adrenal insufficiency appeared, studies were made ot 
hormonal effects (see details later). Cats and rats were used 

Blood glucose was determined by the method of Folin and Malimros 
(1929) and glycogen by a modified Pfliiger technique (Silvette and Britton, 
1932). Analyses for sodium were made by the method of Butler and Tut- 
hill (1931); for potassium, Kramer and Gittelman (1926); for chloride, 
Van Slyke and Sendroy (1923); and for urea, Van Slyke and Kugel (1933 


1 Grateful acknowledgment is made of aid received in this investigation from t} 
Committee on Research in Endocrinology of the National Research Council 

2 Desoxycorticosterone acetate was very kindly and generously supplied unde1 
the name ‘‘Cortate”’ by the Schering Corporation 
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Resuvrs. Cats. Effeets on the general condition of animals afte 
injection are given in table 1. It was evident throughout all the experi- 
mental series on cats that while desoxvcorticosterone usually abolished the 
early symptoms of adrenal insufficiency and restored tissue and blood- 


TABLE 1 


R produced by (A) desorycorticosterone and (B) cortico-adrenal extract or 


Greneral effect 


adrenalectomized cats with symptoms of insufficiency 


AMOUNT INITIAL CONDITION 
CAT NO MATERIAL RESULTS 
INJECTED 
\) Desoxycorticosterone 
mgm 

l 25 Weak Improved, but would not eat in 6 hours 

2 25 Sluggish Slight improvement 6 hours after injection 

3 25 Sluggish Animal interested in food in 7 hours 

{ 25 Sluggish Improved but would not eat in 7 hours 

5 25 Weak Appeared fairly normal within 8 hours 

6 25 Weak Slight improvement at end of 6 hours 

7 25 Weak Slightly improved after 6 hours 

Ss 50 Weak Improved at end of 8 hours, normal at 16 hours 
9 5O Weak Normal but would not eat at 16 hours 

10 5O Weak Normally active but not eating at 16 hours 
11 20 Sluggish Slight improvement at end of 6 hours 

12 20 Sluggish Slight improvement at 8 hours 

13 20 Sluggish Condition unchanged at 8 hours 

14 20 Sluggish Somewhat improved at end of 8 hours 

15 20 Sluggish Improved after 6 hours, would not eat at 8 hours 

(B) Cortico-adrenal extract 

2] 50 Weak Animal eating at end of 6 hours; normal 
22 wO Weak | Improved, interested in food at end of 2 hours 
23 25 Convulsions | Took food at end of 2 hours 
24 25 Comatose | Normally active at 1 hour, eating at 2 hours 
25 25 Convulsions | Normal, ate meal of salmon at 3 hours 
26 25 Convulsions | Appeared normal at 1 hour, ate at 2 hours 
27 25* Convulsions | Improved at 1 hour, eating at 2 hours 
28 20* Weak Took meal at end of 4 hours; normal 
29 20* Convulsions Normal, eating, at end of 1 hour 
30 10* Convulsions Normal, took food at end of 1 hour 


* Extract ¢ ‘en orally. 


chemical conditions within 24 hours, whole cortico-adrenal extract was a 
much more rapid and efficacious agent. Large doses of desoxycorti- 
costerone brought about no general improvement in cats with symptoms of 
adrenal insufficienciy in less than 6 hours, in 15 experiments. In only one 
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case was an animal restored sufficiently to accept food (canned salmon 
within 16 hours after injection. In a few cases with severe symptoms, 
desoxycorticosterone was unable to bring about restoration. “The material 
was also not active in two cases treated by mouth. Whole cortico-adrenal 
extract appeared markedly effective, in contrast, even in cases of extreme 
insufhcieney (10 experiments). Sometimes within an hour after adminis- 
tration, extract-treated animals appeared normal and ate well. Oral 
treatment (extract) was equally effective (see Britton, Flippin and Silvette 
1931). 

Comparison was made of changes in serum electrolytes and blood and 
tissue glycogen brought about by desoxycorticosterone and cortico-adrenal 
extract respectively, in cats with adrenal insufficiency. Slight weakness 
only was allowed to develop before treatment. Blood samplings were made 
hetore injection (0 hour), and at the end of 8 and 16 hours in different 
series. “Twenty-five milligrams of desoxveorticosterone or 25 ec. of cortico 
adrenal extract per 8 hours were administered. Changes in serum electro 
Ivtes (kX, Na, Cl) toward normal levels were observed in all cases at the 
end of 8 hours. Blood sugar and liver glycogen levels were still subnormal, 
however, at the end of 16 hours after desoxycorticosterone administration 
(7 cases). In the same period, the carbohydrates were approximately 
normal after cortico-adrenal extract treatment (4 cases The respective 
readings were: 16 hours after desoxveorticosterone: blood sugar, 74 
mgm. per cent; liver glvcogen, 0.22 per cent; 16 hours after cortico-adrena!| 
extract: blood sugar, 98 mgm per cent; liver glycogen, O.89 per cent. In 
ail cases the muscle glycogen values were within normal limits. 

Adrenalectomized eats which were allowed to develop) signs of in- 
sufficiency, and then treated with small amounts of desoxycorticosteron 
(5 mgm.) twice daily for 34 davs, showed normal electrolyte and carbo- 
hydrate levels. Extract-treated animals observed under similar conditions 
displayed higher carbohydrate readings. The results were as follows 
At end of 33 days’ treatment with desoxycorticosterone (ave. 3 cases 
blood sugar, 86 mgm. per cent; liver glycogen, 0.83 percent. After 34 days’ 
treatment with cortico-adrenal extract (ave. 5 cases): blood sugar, 102 
mgm. per cent; liver glycogen, 1.06 per cent. 

In further tests desoxycorticosterone was given in fairly large dosage with 
glucose-saline to adrenalectomized cats with slight insufficiency symptoms 
and the effects compared with those produced by whole extract. Con- 
siderable difference will be observed in the results in these two series 
(table 2). In the 8-hour experimental period under the influence of cortico- 
adrenal extract, large deposits of glveogen were formed in the liver, heart 
and skeletal muscle, and serum electrolyte and blood-urea levels were 
restored to approximately normal. In the case of desoxvcorticosterene 
administration, however, even after injecting 20 mgm., the carbohydrate 
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(blood sugar excepted) and electrolyte and urea levels were not far removed 
from those found in adrenal insufficiency. 

In table 3 several pertinent averages are compared. Marked differences 
in the extent of influence of desoxycorticosterone and adrenal extract are 
apparent. The activity of the former single adrenal factor is relatively 
very slight in comparison with that of the whole cortico-adrenal complex. 

Rats. Two groups of adrenalectomized rats were also given desoxy- 
corticosterone and glucose, and the results compared with a series treated 
with extract and glucose (table 4). Again, the electrolyte and carbohydrate 


TABLE 2 
Effects of desoxycorticosterone and whole cortico-adrenal extract on carbohydrate and 
electrolyte levels in adrenalectomized cats with early insufficiency symptoms 
{ll animals given | per cent body weight of 3 per cent glucose in 0.9 per cent NaCl, 
\) plus desoxycorticosterone (5 mgm.) and (B) plus cortico-adrenal extract (10 ec¢., 
made up to volume with the glucose solution), every 2 hours for an S-hour period 
Samples taken at end of 8 hours. 


GLYCOGEN SERUM ELECTROLYTES 
BLOOD BLOOD 


SUGAR UREA 


Muscle Heart K Na 


(A) Desoxycorticosterone 
nt percent percent percent l m.e./l ne 
0.29 30 17 139.9 
0.26 28 138 
110 0.19 30 _ 137 
0.30 35 de 7 138.; 
100 22 33 136 


‘ortico-adrenal extr: 


2 149.! 119.8 
4 7 150 118 


.58 7 
49 6 
53 64 >. 9 148 
58 6: 5.1] 152.: 120 
49) 7: 11S 
57 ) 149 119 


levels in the extract-treated animals were found to be practically normal 
at the end of an 8-hour experiment. Readings in the desoxycorticosterone 
group were in contrast not greatly different from those observed in the 
glucose-saline treated controls. 

Discussion. From most of the recent evidence it appears that desoxy- 
corticosterone is able to maintain electrolyte balance in cases of adrenal 
insufficiency, both clinical and experimental. It is questionable, however, 
whether it influences notably the carbohydrate levels. Animals without 
adrenal glands may be kept alive at least for long periods on relatively 


AT NO 
10 
$2 
$3 
44 
BE 
15 142 1.98 0 10 
16 191 2.01 0 16 
17 160 1.24 0) 3 19) 
{8 134 1.60 0 ) 52 
19 146 1.S8S 0 44 
50 140 2.00 0 ) 51 
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small doses of the substance, although it has been recommended that 
glucose be added liberally to the diet. 

Shortly after Reichstein prepared the crystalline material its biological 
potency was shown on dogs and rats; it was recognized as considerably 
inferior, however, to corticosterone (Steiger and Reichstein, 1937 In 
several experimental and clinical studies, Thorn and his colleagues (1938 
10) have emphasized the important influence of desoxycorticosterone 

Harrison and Harrison (1939) have found that considerable amounts of 
desoxycorticosterone are able to keep up the blood sugar in adrenal- 
ectomized rats. Further, FitzGerald and Verzar (1939) stated that under 
some conditions the substance may keep up liver glycogen in hypophy 
sectomized animals. Hartman and his colleagues (1940) noted, however, 


TABLE 3 


Ave rage ca bohydrate and electrolyte levels in cats under different condit 
NO GLYCOGEN SERUM ELECTROLYTES 
BLOOD BLOOD 
CONDITIONS OF 
CATS SUGAR UREA 
Liver Muscle Heart kK Na Cl 
mgm mom 
or per per m.é l 7 é n rT 
t ent cent nd 


Normal, fasting 24 

hours 10 88 | 1.22 | 0.43 | 0:61 | 5.20 | 155.6 | 123.4 1) 
Adrenalectomized, 

showing symptoms, 

untreated 10 57 (0.07 | 0.21 | 0.21 | 9.30 | 183.0 | 109.2 S5 
Adrenalectomized, 

desoxycorticosterone 

treated (table 2) o 100 | 0.25 | 0.31 | 0.36 | 7.66 | 138.2 | 111.6 63 
Adrenalectomized, 

cortico-adrenal ex- 

tract treated (table2) 6 152 | 1.77 | 0.54 | 0.66 | 6.23 | 150.0 | 119.6 17 


that while ‘‘cortin” gave protection against insulin convulsions in mice, 
desoxycorticosterone was ineffective. In agreement are the observations 
of Jensen and Grattan (1940). 

Anderson and Herring (1940) observed that saline solution maintained 
glycogen stores in the adrenalectomized rat equally as well as desoxy- 
corticosterone. Recently we have shown (Corey and Britton, 1941 
that while whole cortico-adrenal extract produces marked glycogenesis 
in the isolated cat liver, desoxvcorticosterone is quite ineffective. 

It is apparent from the present extended series of experiments that 
desoxycorticosterone occupies a considerably inferior position to whol 
cortico-adrenal extract in the treatment of experimental adrenal in- 
sufficiency. Although some good effects of desoxycorticosterone on th 
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TABLE 4 


corticosterone and c¢ ico-adre? extract on carbohydrate and 
frenalectomized rats 


electrolyte levels in ad 
1 week after operation, and 
it O, 2, 4 and 6 hours, 


Animals maintained on glucose-saline solution for 
treatment given 2 days later. Injections given in all cases ; 
sed at S hours 


Pissues u 


n the basis of 100 grams body weight 


GLYCOGEN 
RUM SERUM 
K Na 


ONDITIONS 
Liver | Muscle 


lesoxveorticosterone treated 


nt per cent p 


mgm plus 5 ce. 3 per cent glucose 
in O.9 per cent NaCl per injection 


\verages. 


7 2 ce. 3 per cent glucose 


mgm 
in 0.9 per cent NaCl per injection 


Cortico-adrenal extract 


made up with 3 per cent glu- 
and 0.9 per cent NaCl per 


ose 


injection 


Averages. 


with glucose-saline as above 


Averages. 


Control animals (adrenalectomized) 


saline solution as above, 


5 ce. glucose- 


without hormone (average 2 cases 
2 ce. glucose-saline (average 3 cases) 
Normal rats, non-fasting, untreated 


(average 10 cases) 


5OS S. W. KLINE 
l 10 0.53 0.35 0.29 7.99 141.1 
» 194 0.52 0.39 0.20 7.99 139.9 
a 192 | 0.53 | 0.37 | 0.25 | 7.99 | 140.5 
3 Q7 0.42 | 0.37 | 0.29 | 7.17 | 142.5 
} 100 | 0.57 | 0.42 | 0.30 | 7.77 | 140.3 
1O6 0.42 0.38 0.42 29 144.3 
7 104 | 0.49 | 0.41 | 0.28 | 7.49 | 138.5 
Averages 10] 0.48 | 0.40 | 0.32 | 7.73 | 141.3 
treated 

5 ee., s $26 1.31 | 0.61 | 0.26 | 6.89 | 147.3 
; ) 3S5 1.29 | 0.51 | 0.41 | 6.17 | 149.1 
a 10 SOO 1.57 | 0.56 | 0.27 | 6.49 | 148.3 
| 137 1.39 | 0.56 | 0.31 | 6.52 | 148.2 
1] i44 O.82 0.61 0.36 6.01 149.9 
12 120 1.01 0.49 | 0.41 6.11 148.1] 
2 cc, 13 112 | 0.83 | 0.53 | 0.54 | 7.01 | 150.1 
14 112 | 0.91 | 0.56 | 0.33 | 6.53 | 147.7 
15 109 «0.76 0.56 0.44 5.79 149.9 
/ 119 0.55 0.42 6.29) 149.1 

146 0.26 | 0.44 | 0.25 | 8.08 | 135.8 
96 | 0.15 | 0.30 | 0.25 | 8.05 | 134.6 
TSS 108 1.41 | 0.62 | 0.70 | 6.32 | 141.2 
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svmptoms are observed, the are usually slowly produced 
hours; and in severe cases, restoration does not oceu 

[It appears hardly likely that any direct or specific influence on carbo 
hvdrate metabolism is brought about through desoxvcorticosterone acti 
the slow changes that are observed probably being explicable on the | 
of favorable correlated clectrolyt shifts. No effects on the |} 
urea levels are produced by the material, in contrast to the sharp reductions 
which follow extract imyjection Desoxycorticosterone appears to exert 


its action chiefly and perhaps only on salt and water balance in the bod, 


SUMMARY 


Desoxveorticosterone given to animals (cats) showing early symptoms of 
adrenal insufficiency acts slowly over a period of 6 to 24 hours. It usually 
but not alwavs effects recovery to normal. Animals with severe. in- 
sufficiency do not respond to desoxvcorticosterone treatment alone Oral 
treatment is not effective. In contrast, whole cortico-adrenal extract 
restores animals with severe adrenal insufficiency (convulsions, coma 
in 1 to 6 hours, and oral and other routes of administration are effective 

In adrenalectomized cats with slight insufficiency, desoxvcorticosteron 
restored serum electrolyte levels to approximately normal in 16 hours 
There were still deficiencies in carbohydrate levels, however, at this tim 
Under the same conditions, cortico-adrenal extract brought about restitu- 
tion of normal carbohydrate and electrolyte values 

Over a period of 33 days, desoxveorticosterone was able to restore and 
maintain normal carbohydrate and electrolyte levels in adrenalectomized 
cats. Blood sugar and liver glycogen values in extract-treated cases were, 
however, much higher. 

Adrenalectomized cats with svmptoms of insufficiency continued to show 
disturbed glycogen, electrolyte and urea levels after treatment for 8 hours 
with desoxvcorticosterone and glucose-saline solution. Blood sugar levels 
alone were normal. Adrenal extract under the same conditions brought 
about complete restitution of normal values. 

kxperiments similar to the above made on adrenalectomized rats also 
demonstrated the inability of desoxyveorticosterone used with glucose- 
saline to restore normal electrolyte and carbohydrate levels, in an S-houw 
period. This was in sharp contrast to the restorative action of cortico- 
adrenal extract. 

The single crystalline adrenal factor, desoxvcorticosterone, given 
routinely in moderate dosage, maintains normal tissue and blood-chemical 
values in adrenalectomized animals. Its action is much inferior to the 
whole cortico-adrenal hormonal complex, however, in restoring animals 
in the crisis of insufficiency. Desoxveortic sterone probably has no direct 
influence on carbohydrate metabolism. 
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In the erisis of adrenal insufficieneyv, if whole cortico-adrenal extra: 


is not utilized, the advisability of using glucose in conjunction with desox 


corticosterone is strongly indicated. 
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Important relationships between the adrenal cortex and the post- 
pituitary gland in their influence on body water and electrolytes have been 
shown in several papers published from this laboratory in the past few 
vears (Silvette, 1937, 1938; Silvette and Britton, 1938; Corey, Silvette 
and Britton, 1939). That there is a specific hormone of the adrenal 
cortex which acts on the kidney to produce diuresis, antagonizing the 
influence of the post-pituitary antidiuretic factor, has also been indicated 
(Silvette and Britton, 1938). In the present experiments we have con- 
sidered further the hypophyseal factor and more particularly the action of 
desoxycorticosterone on the rat, extending our earlier work with whole 
cortico-adrenal extract used on the opossum. Experiments were carried 
out on normal, hypophysectomized and adrenalectomized rats, using 
desoxycorticosterone, post-pituitary extracts and other substances in 
various series. 

Metruops. Fluid exchanges were determined by the use of individual 
metabolism cages fitted with graduated drinking tubes; urine was collected 
under toluene in graduated cylinders, and the urinary chloride concen- 
trations determined by means of the Volhard titration. Metabolism 
tests were run for 12-hour periods in all instances with water (or other 
drinking solutions as indicated later) available at all times. Two to 
four days were allowed for “rest”? between runs. Fasting periods were 
not observed before the metabolism tests, except in a few groups, in which 
no significant differences were found. Desoxycorticosterone and post- 
pituitary extract were injected subcutaneously, the former in 2 mgm 
doses every 2 hours, and the latter } u. initially and } u. subsequently at 
similar intervals. 

Resutts. Normal Rats. More than 100 normal male rats were utilized 
in various experiments, preliminary to tests of hypophysectomized and 

1 Grateful acknowledgment is made of aid received in this investigation fron 
the Committee on Research in Endocrinology of the National Research ¢ 
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adrenalectomized animals. The results of these experiments are sum- 
marized below (table 1 A). 

Desoxveorticosterone injections in the rat allowed only water to drink 
resulted in a moderate ‘diabetes insipidus”? with chloride retention in all 
animals tested. When desoxycorticosterone was administered togethe: 
with saline solution the effect on fluid exchange was more definite, al- 
though hyperchloruria attributable to NaCl intake was now apparent. 


The effects of desoxycorticosterone and post-pituitary extract on urinary 


sodium excretion were tested under similar metabolic conditions in a few 
groups of cases. All the rats were unoperated normals, and the following 
were the results: 
Desoxyeorticosterone injected: 11 ¢: ; av. urine sodium 0.35 
mgm. per ce. 
Post-pituitary extract injected: 7 cases; av. urine sodium 4.16 mgm. 
per CC. 
Untreated controls: 6 cases; av. urine sodium 1.19 mgm. per cc. 

In some cases in which pitressin was used, the results were somewhat 
similar to those produced by whole post-pituitary extract. 

Hematocrit determinations in those cases in which desoxycorticosterone 
was injected were in agreement with the effects on water balance. In 7 
animals, the total blood cell volumes fell continuously, although slightly, 
over the 12-hour metabolic period. Following post-pituitary extract 
injection, there were no significant changes observed in the hematocrit 
readings (8 cases). 

Post-pituitary extract administration to normal rats resulted in’ an 
antidiuresis with extreme hyperchloruria—an effect directly antagonistic 
to that produced by desoxycorticosterone. The presence of NaCl in 
the drinking solution opposed or masked the antidiuretic effect of the 
post-pituitary principle, and the resultant hyperchloruria was somewhat 
decreased although still severe. It was clear that desoxycorticosterone 
and post-pituitary extract, when injected into normal male rats, produced 
opposite effects as regards water and electrolyte balance. 

When saline or glucose solutions were used in the drinking tubes the 
changes in fluid exchange were approximately equal in extent, with pro- 
nounced hyperchloruria in the former case, however, and chloride retention 
in the latter. The combination of the two substances in the drinking 
solutions produced marked increases in water intake and urine output, 
and severe hyperchloruria. It should be noted that glucose-solution feed- 
ing produced results essentially similar to those which followed desoxy- 
corticosterone treatment. 

Hypophysectomized Rats. Course of diabetes insipidus. In earlier 
studies (Corey, Silvette and Britton, 1939) we were particularly concerned 
with the phase of acute diabetes insipidus which immediately follows 
pituitary ablation and persists for a few davs afterwards. We have 


AVERA 
TREATMENT WATER 
INTAKE 


A. Normal rats 


Water ad lib 

0.9 per cent NaCl ad lib. 

2.0 per cent glucose ad lib 

0.9 per cent NaCl—2.0 per cent glucose ad lib 


Desoxycorticosterone; water ad lib 
Desoxycorticosterone 0.9 per cent NaCl ad lib 


Post-pituitary extract;+ water ad lib 

Post-pituitary extract; 0.9 per cent NaCl ad lib 

Post-pituitary extract; 2.0 per cent glucose plus 
0.9 per cent NaCl ad lib. 


B. Hypophysectomized rats 


Water ad lib. 
0.9 per cent NaCl ad lib 


2.0 per cent glucose ad lib 


g 
0.9 per cent NaCl—2.0 per cent glucose ad lib 


Desoxycorticosterone; water ad lib. 


Desoxycorticosterone;: 0.9 per cent NaCl ad lib 


Post-pituitary extract; water ad lib. 
Post-pituitary extract; 0.9 per cent NaCl ad lib 


Desoxycorticosterone—post-pituitary extract 
water ad lib 


Adrenalectomized rats 


Water ad lib 

0.9 per cent NaCl ad lib. 

2.0 per cent glucose ad lib 

0.9 per cent NaCl—2.0 per cent glucose ad lib. 
0.9 per cent NaCl—5.0 per cent glucose ad lib 


Desoxycorticosterone; water ad lib. 
Desoxycorticosterone; 0.9 per cent NaCl ad lib 


Post-pituitary extract; water ad lib. 
Post-pituitary extract; 0.9 per cent NaCl ad lib 


* Desoxycorticosterone acetate (‘‘Cortate’’), generously supplied by the Schering 
Corporation; injected subcutaneously, 2 mgm. every 2 hours. 

+ Post-pituitary extract (posterior pituitary solution Squibb), generously supplie 
by E. R. Squibb and Sons; injected subcutaneously, } u. initially and } u. every 2 
hours subsequently 

In some cases t¢ sted, considerably smaller doses given less fre jue nti Vit lded 
similar results. 
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FABLE 1 
N 4 t 4 
oF RINI URINA 
ASES UT! 
weight ght 
LZ 1.4 2 SO 
15 1.5 2.4 
S 10.7 7.4 7.39 
12 2.9 } 1 MD) 
LO 7.5 16 7.34 
10 0.6 1.1 6.20 
6 5.0 $ 4 Y 76 
26 2.0 2 
14.1 7.9 5S 
12 110 75 0 5] 
6 19.4 17 
6 5.38 
10 OS 6.40 
2 0 2 3 6 63 
A 
CC. 

10 3.4 
12 2.5 Q 17 
14 10.7 6.3 1.25 
24 15.0 7.4 7.96 
7 22.1 15.0 7.19 
1] 78 co 
13 16.5 7.1 5.04 
6 0.9 1.3 § 25 
1] 7.9 3.6 10.32 
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emphasized in other reports the transitory nature of this diabetic conditio: 
inthe rat. Asa preliminary to experiments on “chronic”? hypophysecton 
ized animals, however, we extended our studies to include more protracte: 
periods up to 80 days after operation. The marked diabetic state immed 
ately following operation in the rat is admittedly a transient and unstabli 
one, and investigation of the ‘chronic’? condition was considered highly 
desirable. 

A study of the averages in our data led to a division of the post-operativ: 
diabetic state seen in the hypophysectomized rat into three stages as 
indicated in table 2: 7, a primary acute condition persisting for 3 to 5 
days, in which polyuria predominated and the water-intake /urine-output 
ratio (W/U) was less than unity; 2, a secondary (but still acute) phass 
of about 3 days’ duration in which an emerging polydipsia became evident 
and during which water intake exceeded urine output, with an average 
W/U ratio for the period of more than one; and 3, a tertiary “chronic” 
condition of mild diabetes in which the hypophysectomized animals showed 
a slight but constant increased water intake and urine output, with a 
W/U ratio almost identical with that of normal controls. 

It was apparent from this extended series of cases that experimental 
diabetes insipidus in the rat is characterized by an immediate and marked 
primary polyuria; then, usually within 12 to 24 hours after operation, 
polvdipsia is observed. These conditions are acute in character, and 


accompanied by reduced urinary chloride concentration. Subsequently 
there appears a change to a type of water balance in which the polydipsia 
predominates. This moderately diabetic condition may persist until death 
of the animal, or at least until an extreme state of inanition is reached. 


The chronic state shows fluid and chloride levels approaching the normal, 
but careful inspection of the values always reveals the persistence of at least 
a slight diabetie condition. 

Desoxycorticosterone and post-pituitary extract effects on hypophysectomized 
rats. ‘Tests of the effects of injections of desoxycorticosterone were made 
repeatedly on a series of 12 hypophysectomized rats, over a period of several 
weeks after operation. The influences on fluid exchange are presented 
graphically in figure 1. It may be noted that in the untreated cases at the 
end of the first post-operative week, water intake and urine output had 
reached levels only slightly above the normal. Injection of desoxycortico- 
sterone on the 12th and 26th post-operative days resulted in dramatic 
augmentation of the polydipsie and polyuric condition to levels approxi- 
mating those seen immediately after operation. In repeated tests on the 
32nd and 39th days, definite but somewhat smaller reactions were observed. 
(n the 62nd day the diabetic response was again evoked by means of 
desoxycorticosterone, the results differing only slightly from those observed 
on the 39th day. The urinary chlorides in these cases were greatly reduced 
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by desoxycorticosterone, In re ciprocal correlation with the marked increases 
in fluid exchange. 

While it is evident therefore that desoxyvcorticosterone injection over a 
period of two months or more after hypophysectomy resulted invariably 
in a return toward the primary acute state seen during the first few days 
after operation, it was noted that the responses to the injections became 
successively less in repeated experiments. 

In all, 52 hypophyvsectomized rats were treated with desoxyvcorticosterone 
at intervals from 12 to 80 days after operation (table 1 B The averages 
for all cases, when compared with 26 untreated hypophysectomized 
animals, revealed that the injections produced a marked condition of 
diabetes insipidus and an attendant hypochloruria. Thus, it was found 


that desoxyvecorticosterone given to hypophysectomized rats augmented 
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Fig. 1. Influence of desoxyeorticosterone on water intake, urine out ! 
nary chlorides in hypophysectomized rats at different time periods after operation 
Injections were given on days marked with arrows (1D) Comparison is made wit] 


unoperated controls 


fluid intake by over 100 per cent and urine output by nearly 200 per cent, 
while it also produced a specific retention of chlorides. Compared with 
normal untreated rats, the polydipsia and polvuria were calculated as ap- 
proximately 200 and 250 per cent respectively. It should be observed 
that no aggravation of the acute diabetic condition which immediately 
follows hvpophysectomy could be induced by desoxveorticosterone ad- 
ministration. 

Further examination of table 1 B shows that the effects brought about 
through post-pituitary extract injection were directly opposed to those 
produced by desoxycorticosterone. Thus, pituitary extract brought about 
a marked reduction in water ingestion, a decrease in urine output and a 
striking increase in chloride concentration (10 eases). When post-pituitars 
extract and desoxyeorticosterone were administered simultaneously to the 


same animals, it was found that the former substance overwhelmed thi 
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ction of the latter, in the dosages employed. Hence the end result Was 
slight reduction in fluid exchange, and an increasein urinary chloride con- 
tent almost as great as that seen in rats injected with post-pituitary extract 
alone. 

Ldrenalectomy. The water balance and urinary chloride of 
12 adrenalectomized rats were studied under different conditions from 12 
hours to [8 days after operation. Examination of table 1 C shows that the 
urinary chlorides were increased post-operatively over untreated normal 
controls, although water intake and urine output were not greatly altered. 

Desoxyeorticosterone produced in adrenalectomized rats marked in- 
creases in fluid exchange (water intake and urine secretion), accompanied 
by severe restriction of chloride output. The conditions observed were 
similar to those which tollowed desoxycorticosterone administration to 
normal and also to hypophysectomized animals described above. The 


TABLE 2 
Course of diabetes insipidus and hypochloruria following hypophysectomy in the 
POstT- AVERAGE AVERAGE AVERAGE 


PHASE OF DIABETES INSIPIDUS OF ASES OPERATIVE WATER URINE URINARY 
¢ 
PERIOD INTAKE OUTPUT CHLORIDE 


ec. /100 ec. /100 
days grams grams mgm 
weight weight 
Primary acute ‘ 6.3 
Secondary acute : 5 3.6 
Tertiary chronic 33 
7 


Normal controls l 


usual actions of saline and glucose solutions were observed, as in normal 
animals, 

It may be noted that saline solutions did not augment water intake and 
urine output as greatly as did desoxycorticosterone, in these cases. The 
chloride-restricting action of the hormone also was not observed when 
NaCl was allowed in the drinking water. In adrenalectomized rats as 
well as all other cases, one should emphasize, glucose solutions brought 
about results similar to those produced by desoxycorticosterone, i.e., 
increased fluid intake and urine output and reduced urinary chlorides. 

Post-pituitary extract effected exchanges in adrenalectomized rats 
similar to those in all other cases tested—water ingested and urine excreted 
were greatly reduced, concomitantly with increases in chloride concentra- 
tion. Addition of NaCl to the drinking water, however, resulted in reversal 


of the fluid exchanges. Opposite actions of the post-pituitary principle 


and desoxycorticosterone were apparent in adrenalectomized animals 
as in all other conditions studied. 
The above and other facts are shown comprehensively in table 3 here- 
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with. Quotations of changes on a percentage basis, and also in total 
amount of chloride excreted, give a striking picture of the counteracting 
effects of desoxveorticosterone and post-pituitary extract under the 
different conditions observed. 

Discussion. In earlier reports (Silvette and Britton, 1938) the proposi 
tion has been put forward that in the exeretion of water and salt by the 
kidney a diuretic hormone of the adrenal cortex acts in physiological 
antagonism to the antidiuretic hormone of the post-pituitary lobe. On 


a proper balance between the secretory activities of the adrenal cortex 


TABLE 3 
D fference 8S in flu d balance and chloride output produced by desorycorticosterone and 
post-prtuitary extract 
All animals allowed water ad lib. Calculations made from levels found in un 
treated animals in each of three groups 


NO. OF WATER URINE URINARY URINARY 
EXPERIMENTAL CONDITIONS 
CASES bs INTAKE OUTPUT CHLORIDE CHLORIDES 
diff. diff af mgm 
per cent per cent per cent gram rat 


if noperate d: 


3 Untreated (basals 1.13 
12 Desoxycorticosterone +7] tt) 2 SD 
10 Post-pituitary extract 65 27 +148 17.82 


Hypophysectomized: 


26 Untreated (basals 1.03 
52 Desoxycorticosterone +-122 +174 SO 19S 
10 Post-pituitary extract 65 11 +204 10.88 


Adrenalectomized: 


10 Untreated (basals) 6.97 
Desoxycorticosterone 4-129 +138 67 5.59 
6 Post-pituitary extract 74 38 +150 10.72 


and the post-pituitary gland, it is considered, fluid and electrolyte balance 
intimately depend. Further recent evidence supporting our work and 
proposals has been reviewed by Leiter (1941). 

Much has been said of various disease complexes being due merely to the 
absence of one organ or another. For many decades diabetes mellitus 
was explained almost wholly on the basis of pancreatic disturbance and 
insulin lack; but the involvement of both pituitary and adrenal glands has 
now been generally acknowledged. ‘‘Hypophysists” and “thypothalamists”’ 
have vigorously discussed for some vears the causative agents in diabetes 
insipidus, and no particular thought has been given to other possible etio- 
logical factors. It must nevertheless be admitted as a possibility that in 
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the case of removal or deficiency of either cortico-adrenal or post-pituitary 


tissues, the resultant fluid and salt disturbances may be explicable on the 
basis of the (one or other) unleashed or hyperactive and antagonistically- 
acting gland that may remain. 

Cortico-adrenal extract and desoxycorticosterone have now been ob- 
served to produce a condition much like that of diabetes insipidus. 
Possibly, post-pituitary extract given in excess may be found to create a 
condition similar to that of adrenal insufficiency. The great loss of salt 
and restriction of water exchange produced by post-pituitary preparations 
are at least in agreement with this idea. 

Besides the production of conditions similar to diabetes insipidus by 
cortico-adrenal principles, it has been shown (Corey, Silvette and Britton, 
1939) that the d.i. state does not supervene after hypophysectomy if the 
adrenals are also removed at the same time. With the usual occurrence 
of diabetes insipidus on simple removal of the pituitary, there is a suggestion 
of cortico-adrenal influence —the course of water-balance disturbance goes 
hand-in-hand with hyperexcitation (in the first place) and later degenera- 
tion of the adrenal tissues. 

With the above and also our earlier work, the reports of Martin and his 
associates (1939) and Ragan et al. (1940) are in essential agreement. 
Schweizer et al. (1940) have, however, noted some exceptions 


SUMMARY 


Under the influence of desoxycorticosterone rats voluntarily drink more 
water and urine output is enhanced, while urinary chlorides are much re- 
duced in concentration and total amount excreted. The reverse is true 
after post-pituitary extract injection—fluid exchanges being greatly re- 
duced and chloride elimination markedly augmented. These conditions 
are seen alike in normal, hypophysectomized and adrenalectomized animals, 
observed over a 12-hour metabolism period. 

Desoxveorticosterone was also found to reduce severely the output of 
urine sodium, while post-pituitary extract greatly increased its excretion. 

When post-pituitary extract and desoxycorticosterone were administered 
together, the action of the former substance tended to overwhelm that of 
the latter. 

Hemoconcentration followed desoxvcorticosterone injection. 

Glucose given in the drinking water brought about fluid exchanges and 
urinary chloride concentrations similar to those produced by desoxy- 
corticosterone. Saline solutions given alone produced more marked 
increases in fluid intake and urine output than did desoxycorticosterone; 
when saline was given with desoxvcorticosterone, the salt-restricting 
action of the latter was overcome. Also, when saline solutions were given 
to drink, post-pituitary extract did not reduce the fluid exchanges. 
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Studies were made chiefly in the chronic condition after either adrenal 
ectomy or hypophysectomy. It is shown that the hyvpophysectomized 
rat (77 Cases) passes through three post-operative phases: a primary acute 
condition lasting a few days in which polvuria predominates; a secondary 
but still acute phase in which polydipsia emerges; and a tertiary chroni 
state of mild diabetes insipidus with fluid exchanges always slightly above 
those in normal rats and urinary chlorides concomitantly subnorma! 
Possibly, altered activity of the cortico-adrenal tissues after hypophy- 
sectomy, or unchecked action of desoxycorticosterone, may account for 
the diabetes insipidus condition. 

In a series of chronic hypophysectomized rats tested over a period of 
about 80 davs, the action of desoxvcorticosterone was found to become 
progressively less with repeated injections, possibly due to tolerance o1 
anti-hormone effect. 

It is apparent that the post-pituitary and cortico-adrenal tissues elab- 
orate principles which specifically counteract or antagonize each other 
in their effects on fluid and electrolyte balance. For normal salt and water 
regulation in the body, a balanced relationship between the adrenal and 
pituitary mechanisms is therefore essential. 
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It is generally taught that creatine is not present in the urine of adult 
men apart from such pathological conditions as complete starvation, 
Graves’ disease, and progressive muscle dystrophy. Attempts by various 
workers to bring about a creatinuria by feeding high protein diets have 
given conflicting results (Denis and Minot, 1917; Rose et al., 1918; Lewis 
and Doisy, 1918; Bollman, 1929-30). Following the demonstration by 
Brand et al. (1929) that feeding glycine to persons with progressive muscle 
dystrophy increased their output of creatine, several investigators fed 
glycine to normal individuals (rats and man) (Bodansky, 1935-36; Beard 
et al., 1931-32, 1939; Borst and Mébius, 1936). Contradictory results 
were again obtained, and the substitution of gelatin, which is 25 per cent 
glycine, gave no better agreement (Denis and Minot, 1917). 

In connection with other studies on the influence of a high gelatin diet, 
we followed the excretion of nitrogen, creatinine and creatine in four 


healthy young men (20-29 vears old) who were engaged only in laboratory 


work during the course of the investigation. Twenty-four hour urines were 
collected for three consecutive days while on their usual diet. This diet 
was then supplemented with 60 grams of ossein gelatin daily, 30 in the morn- 
ing and 30 in the evening. No precise control was exercised over the diet 
during the gelatin feeding; each man ate as he chose. 

Feeding of gelatin continued for 41 days in the case of 3 subjects and 
for 51 days with the fourth subject, B. C., a colored laboratory helper. 
Twenty-four hour urines were collected for the first 3 days of each week 
and excretion studies were continued for at least 7 days following cessation 
of gelatin feeding. Analyses were performed immediately. Nitrogen was 
determined by the Kjeldahl method and preformed creatinine by adding 
alkaline picrate to the fresh urine as described by Folin (1904). For total 
creatinine the sample was autoclaved with HCl] at a temperature of 120° 
for 30 minutes, and to an aliquot alkaline picrate was also added. Creatine 
values were obtained by difference. All color comparisons were made in 
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an Evelyn photocolorimeter. The final values for the creatinine equiva 
lents were obtained from a calibration curve prepared from analyses of 
pure creatinine solutions. 

Resuits. For convenience, the data are presented graphically (figs. 1 
and 2). The added gelatin was equivalent to the daily feeding of 8.8 grams 
of nitrogen and if its glycine nitrogen were completely converted to creati 
nine and creatine nitrogen the vield would be about 6 grams (or according 
to the theory of Beard (1939) the yield would be about 48 grams he 


nitrogen excretion of all subjects increased greatly, although in two of the 


subjects (B. C. and 8. M. H.) the extra nitrogen output was less than in 


the control period when the gelatin nitrogen intake was deducted Since 
the subjects were not on a constant diet, we do not know whether nitrogen 
was retained or the intake of non-gelatin nitrogen was decreased. ‘The 
excretion of nitrogen in one subject (F. C.) reached 33.5 grams in 24 hours 


The nitrogen excretion of three subjects had returned to pre-gelatin values 


Fig. 1. The average 24-hour excretions of nitrogen, creatinine, and creatine (ex 
pressed as creatinine) for four normal men before, during and after a period of 
gelatin ingestion 


about four days after discontinuing gelatin and in the fourth subject 
shortly thereafter. (The average values of nitrogen excretion for each 
subject before, during and after the period of gelatin feeding are shown 
in fig. 1.) 

Although Light and Warren (1934) found no creatine in the urine ol 
males above the age of 19, each of our subjects normally had a measurable 
creatine excretion even up to 0.27 gram (expressed as creatinine). ‘This 
is in agreement with Hobson (1939), who recorded creatine excretion in 
96 of 97 males. The influence of extra gelatin on the creatine excretion 
is inconclusive. Two subjects had increases. This was particularly ap 
parent in F. C., who in one 24-hour period excreted over O.8 gram of 
creatine (about one-third as much as his creatinine excretion) (fig. 2). In 
these subjects the increases are unmistakable: in one only 2 of 19 and in 
the other 2 of 13 urines contained less creatine than in the control periods. 
However, the other two subjects had extremely variable excretions, and 
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their average creatine output for the entire period of gelatin ingestion is 
lower than in control periods. After discontinuing gelatin, the average 
creatine exeretion was slightly above previous control levels, The prob 
ability that some creatine had been stored and was being slowly excreted 


(fig. 2) is indicated by the return of the daily excretions of creatine to pre- 
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Fig. 2. The daily variations in the excretion of creatinine and creatine of four 
men before, during, and following the period of gelatin ingestion. (The solid lines 
indicate days during which the determinations were made.) 


gelatin values toward the end of this period. Denis and Minot (1917) were 
unable to obtain creatinuria in two normal males on a high protein diet 
which included 50 grams of gelatin. Lewis and Doisy (1918) and Rose 
et al. (1918) also found no excretion during high protein diets. 

As shown by Folin in 1905 and by other workers of that period, the 


creatinine output in 24 hours is nearly constant for a healthy person and 
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is uninfluenced by such factors as a high protein, meat free diet. Hobson 
(1939) states that he was unable to find any significant variation in creat 
nine excretion of subjects when changed from an adequate but high carbo 
hydrate diet to a low carbohydrate, high protein diet. His mean values 
for creatinine outputs in 11 subjects are 2.139, 2.140 and 2.107 grams while 
ona high carbohydrate, and the first and fourth days of a low carbohydrate, 
high protein diet, respectively. The data presented by us show less regu 
larity in creatinine excretion. The values of creatinine excretion for the 
four men show an extreme range from minimum to maximum of O.85 
(1.78-2.63) ; 0.87 (1.57-2.44); 0.82 (1.68-2.50) ; 0.85 (1.53 -2.38) during the 
entire period of the investigation. 

Utilizing average values for creatinine (fig. 1) there is little change in 2 
of 4 subjects in its excretion during the period of gelatin ingestion. One 
of the 4 subjects had a lower average excretion, while another had a 
much higher excretion. Following the discontinuance of gelatin, the 
excretion of creatinine was higher in all subjects than in the control periods 
Since this was also observed in three subjects during the period of gelatin 
feeding, the possibility of excretion of exogenous creatinine from stored 
creatine cannot be entirely ignored. However, the amount actually 
excreted is small compared to the amount theoretically possible. 

Since one-fourth of gelatin is glycine, it is possible that any physiological 


effects produced by feeding glycine might also be obtained by feeding pro 


portionally larger amounts of gelatin. In treatment of muscle dystrophies 
gelatin has been found satisfactory by some investigators and unsatistac 

tory by others. However, gelatin can be effectually substituted for glycins 
as a detoxifying agent (Griffith, 1934). Denis and Minot (1917) did not 
observe creatinuria in two males fed 50 grams of gelatin daily. Our data 
show that creatinuria is possible when subjects ingest 60 grams of gelatin, 
although it may not necessarily occur to any great extent. This lack of 
uniform effect is also evident in the feeding of glycine. Borst and M6bius 
(1936) have failed to observe any influence on the urinary creatine and 
creatinine of normal adults given 50 grams of glycine. Zwarenstein (1928 
also noted no influence (10 grams), while Beard et al. (1939) were able to 
recovel slightly more than the theoretical amount of creatine and creatinine 
(16.2 grams) formed from the feeding of 5 grams of glycine. Bodansky 
(1935-36) noted only an effect on creatine output. 

We were able to verify Hobson’s observation of the presence of creatine 
excretion in normal adult males. These observations are contrary to 
general opinion (Folin, ete.). Furthermore, the daily excretion of creati 
nine is not as consistent as many investigators have reported, although 
such constancy may be observed in some individuals. As a result, we do 
not believe in the validity of the assumption that creatinine excretion 
can be used as a test of the completeness of a 24-hour urinary output 
Folin, 1905). 
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SUMMARY 


Che addition of 60 grams of gelatin daily to the diet of four males was 
accompanied by an increased excretion of creatine in two of the subjects 
The average excretion of creatinine was not markedly increased by the 
high protein intake. There was, however, increased excretion of both 
creatinine and creatine in all subjeets on cessation of gelatin ingestion 
indicating a possible storage during the previous period of gelatin feeding 

In contrast to most previous reports all the subjects normally had some 


creatine present in their urine and also showed considerable variation in 


the 24-hour excretions of creatinine 


REFERENCES 


Bearp, H. H. anp B. O. Barnes. J. Biol. Chem. 94: 49, 1931-32 

Bearp, H. H., J. K. Esperan ano P. Pizzotaro. This Journal 127: 716, 1939 

Bopansky, M. J. Biol. Chem. 112: 615, 1935-36 

30LLMAN, J. L. J. Biol. Chem. 86: 169, 1929-30 

Borst, W. AND W. Mésius. Ztsehr. klin. Med. 129: 499, 1936 

Branp, I., M. M. Harris, M. SANDBERG AND A. I. Rincer. This Journal 90: 296, 
1929. 

DENIS, W. AND A. S. Minor. J. Biol. Chem. 31: 561, 1917. 

Foun, O. Ztsebr. f. Physiol. Chem. 41: 223, 1904 
This Journal 13: 66, 1905. 

Grireitu, W. HH. J. Biol. Chem. 106: 33, 1934 

Hopson, W. Biochem. J. 33: 1425, 1939 

Lewis, H. B. ano FE. A. Dotsy J. Biol. Chem. 36: 1, 1918 

Licut, A. B. anp C. R. Warren. J. Biol. Chem. 104: 121, 1934 

Rose, W. C., J. 8S. Dimmirr ano H. L. Bartietrtr. J. Biol. Chem. 34: 601, 1918 

ZWARENSTEIN, H. Biochem. J. 22: 307, 1928 


D. Ob. 


ENVIRONMENTAL TEMPERATURES AND THIAMINE 
REQUIREMENTS 


C. A. MILLS 


From the Laboratories Jo Expe rimental Vedicine Unive of Cine 
Accepted for publication April 6, 1941 


In this paper will be reported recent studies on optimal thiamine. re 
quirements at different levels of environmental temperatures. Previous 
investigations of vitamin requirements have mostly been carried out with 
out reference to prevailing temperatures or ease of body heat loss. Such 
disregard of environmental conditions may have little bearing in studies 
dealing with certain of the vitamins, but for those having to do with tissue 
combustion processes it seems essential that careful consideration be given 
to the ease of body heat loss prevailing during the period of experiments 
tion. Tissue combustion rate in normal animals rises as body heat loss 
is facilitated and falls as difhiculty is experienced; the major part of this 
combustion adaptation takes place during the second and third weeks of 
acclimatization. It would be expected, therefore, that vitamins serving 
as catalysts in any phase of the cellular combustion processes would 
exhibit variation in intake requirement as the combustion rate rises and 
falls with changes in environmental temperatures. 

This we have now found quite sharply true for thiamine. Optimal 
requirement per gram of food is twice as high at G1°R. as it is at 65°F., 
while a still higher intake serves to protect against the depressing effects 
of even more’ excessive heat. With voung rats on diets thoroughly ade- 
quate in every way except for thiamine content, signs of inadequacy 
(lowered food consumption and retarded growth) develop in the hot room 
at dietary thiamine levels which are entirely adequate for animals in the 
cold room. 

METHODS AND RESULTS. Young Wistar male rats were placed in indi 
vidual cages in rooms previously described (1), one room being maintained 
at 65°F. and the other at 91°F. and about 60 per cent relative humidity 


Basal diet used Was one recommended by Doctor Klvehjem, consisting ol 


Sucrose 74 
Casein, Labeo vitamin-free 
Corn oil ) 


1 The vitamins used in this study were very kindly supplied by Merck & Company, 
Inc. 
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Salts? 


Liver extract 


Riboflavin 1 mgm. per kilo of food 
Pyridoxine 2 mgm. per kilo of food 
Nicotinic ac 25 mgm. per kilo of food 
Choline 300 mgm. per kilo of food 
Haliver oil 2 drops per rat per week 


TABLE 1 


veight gain, and growth efficiency on varied thiamine intake 


Food consumpti 


heat and cold 


GROUP 


0d eaten 
ood eaten 


Weight gain 
Weight gain 
Weight 

Food eaten 
Weight gain 


Weight gain 
Grams food 


Food eaten 


= 
= 


Weight gain 
Weight gain 
Weight gain 
Weight gain 
Food eaten 

Weight gain 


‘old room, 65°F, 


107/33) 3.3 
133/43} 3.1 
129/32 ) 
138/32 3 
132)21| 6.4 
141/25) 5.7 


First 101, 28 31) 3.2 100/28) 3 

Second S85 23 119/36 3 

Third 58 128/30, 4.3 |132 36 
5. 
5 
7 


137 32 
138 23 
131/23 


Fourth 16 7 74.5 130/24 
Fifth 50 1/13. 6 141/25 
Sixth. 49'—12 132)17 


Hot room, 90-91°F. and 60-70 per cent relative humidity 
64/17 65/20 

3 $5/32| 
84/23 
79/20 


5.8 


2 54/12} 4.5 | 54/13) 4 
| 54/16) 3.3  56)12) 4 
6 49)14| 3.6 54/17) 3 
5 


First 
Second 
Third 
Fourth 
Fifth 
Sixth 


to 
to 
w 


wo © 


8 47| 7| 6.4. 56/14 
48/11; 4.6 63)19 
1 48/10) 5.1 60/10 


Note: Food consumption and weight gain data are given only to the nearest whole 
gram, The ratios, grams of food/weight gain, were caleulated from the actual 


weighings. 


For a rat diet similar to this, Arnold and Elvehjem (2) found 0.8 to 
1.0 mgm. thiamine per kilo of ration to be adequate. We therefore added 
enough thiamine to different batches of the basal diet to give 0.2, 0.4, 
0.6, 0.8, 1.2 and 1.6 mgm. per kilo of food mixture. These batches of 
diet with graduated thiamine content were now fed to groups of rats in 


> Salt mixture I, as described by Philips and Hart (3) 
Liver extract used was Wilson Laboratories’ fraction D (70 per cent aleohol 


soluble) 


2 
l 2 3 4 5 6 
WEEK ON 
0 90/32! 2.8 
117/35) 3.3 
127/34! 3.8 
3 134,29) 4.6 
8) 138)24) 5.8 
6 6.8 
3.0 
34 2.8 
2.6 
3.8 
3.9 
20 36) 4 If 9.4 | 71/14) 5.3 
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the hot and cold rooms, and the weekly food consumption carefully 
estimated. Detailed data on food consumption and weight gain for the 
various groups are set forth in table 1. 

In figure 1 are shown the marked differences in food consumption by 
the hot and cold room rat groups. Increase in food consumption in the 
hot room was almost quantitatively proportional to the graduated increase 
in thiamine content, up to the fifth group with 1.2 mgm. per kilo of food 
Group 6, with 1.6 mgm. per kilo of food, ate slightly less than did group 5 


6ORRH 


a BS 3 #10 2% 31 38 45 
DAYS DAYS 


Fig. 1. Dietary thiamine and food consumption in heat and cold. Milligra 


thiamine per kilo of food: 1 = 0.2, 2 = 0.4, 3 = 0.6, 4 = 0.8, 5 = 1.2, 6 1.6 


In the cold room only groups 1 and 2 exhibited definite thiamine inadequacy 
in their ability to utilize food. No significant differences were manifested 
among the four groups receiving the higher thiamine amounts. There 
was naturally a small amount of food spillage that did not enter into these 
calculations, but this rarely amounted to more than 1 to 2 grams a week. 

Figure 2 presents the growth curves of these same rat groups and shows 
even more clearly the quantitative response to varying thiamine values 
in diets of otherwise uniform composition. Group 5 gave best growth 
performance at 91°F., with group 6 a close second. At 65°F., best growth 
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was obtained in group 4, with groups 5 and 6 doing consistently less well 
In the matter of growth efliciency (i.e., grams of food intake required for 
each gram of weight gain), best performance was usually given by group 6 
in the hot room, but in the cold room by group 4... Everything considered 
(food consumption, growth rate and growth efficiency), it would seem that 
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Fig. 2. Dietary thiamine and growth rates in heat and cold. Milligrams thiamine 


per kilo of food: 1 = 0.2, 2 = 0.4, 3 = 0.6, 4 = 0.8, 5 = 


optimal response at 91°F. requires just about twice as high a dietary 
content of thiamine as is needed for best response at 65°F. 

Many other workers have described the graduated effect on growth 
rates and food consumption of increasing dietary thiamine content, but 
no one seems to have discovered the part environmental temperature level 
plays in determining thiamine requirements. Waterman and Ammerman 
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(4) failed to find any definite optimum for thiamine intake in rats, fon 
their rats continued to show growth improvement with progressive thiamine 
additions up as high as 160 micrograms daily. In our experiments, both 
at 65 and at 91°F., there is shown a rather clear optimum as concerns 
dietary thiamine level. 

Optimal response in both heat and cold occurred at approximately the 
same actual thiamine intake. This suggests that the higher dietary content 
mav be need: .! to keep up the blood and tissue levels at high temperatures 
because food consumption is reduced. Incidental blood ascorbie acid 
determinations, made on rabbits kept in the hot and cold rooms and fed a 
standard diet, gave values only about half as high in hot room at as 
in those kept in the cold. 

Thus, while there may well exist a definite relationship between thiamine 
and total non-fat calories of diets used at ordinary laboratory temperatures, 
this relationship may exist only at higher thiamine levels as diffieulty in 
body heat loss enforces a sharp lowering of food intake and tissue combus 


tion. The findings here presented indicate clearly the need for highes 


thiamine content in food to be consumed by individuals living undet 


diffeult conditions of body heat loss. Growth and eventual adult. size 
in the heat, even at the optimal dietary thiamine level, are always con- 
siderably below the corresponding levels of development show nin the cold 
Whether this is due to some inadequacy factor other than thiamine at the 
high temperature levels, or simply to the general suppression of tissuc 
combustion by difficulty in heat loss, cannot vet be said. 

Figure 3 shows the protective value of still higher thiamine intake at times 
when excessive heat is to be encountered. Four rats on the basal diet 
previously described, to which had been added 0.8 mgm. of thiamine pet 
kilo, were observed at 91°F. for some weeks. The room temperature was 
then raised to 93°F. for about a week, and the two rats (nos. 4 and 9 
showing most marked growth retardation under this heat now had then 
dietarv thiamine doubled. About a month later (67th dav, fig. 3) these 
same two rats began receiving 50 micrograms of thiamine orally each day 
in addition to their doubled dietary supply, and at this time the room tem- 
perature was raised to 95° or 96°F. and the relative humidity kept at 60 to 
70 per cent. Figure 3 shows the rapid down-hill course followed in this 
severe heat by the rats (nos. 10 and 11) receiving only the normal amount of 
dietary thiamine (0.8 mgm per kilo of food). Their food intake was 
reduced to about one-fourth the amount eaten before onset of the severe 
heat. The rats receiving the doubled dietary and additional oral thiamine 
on the other hand continued to gain weight in the severe heat; one of them 
continued his previous rate of daily food consumption and the other actually 
increased his by 20 per cent. 

fats taken from the 65°F. room and placed directly into the 95 to 96°1 
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heat showed less protection from supplemental thiamine administration. 
All developed hyperpyrexia and lost weight sharply. Weight loss was 
less, however, with those receiving supplemental thiamine. 

Discussion. The need for a higher thiamine content of foods in tropical 
warmth, or in temperate zone summer heat, has certain important bearings 


tropical warmth, although needing a diet higher in thiamine, actually tend 
to consume foods of lower thiamine content. Protein foods (meats, nuts, 
legumes) in general carry a high thiamine content, but they tend to be 


on the problems of human existence. Population masses in regions ot 
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Fig. 3. Thiamine protection against excessive heat 


avoided in tropical warmth because of their greater specific dynamic 
action and higher cost. Instead, people there use more thiamine-poor 
starchy fruits and tubers. Cereal foods used have usually lost most of 
their thiamine in preparatory processing. Apparently no amount of 
thiamine increase could bring tropical residents up to the metabolic level 
of people living in cooler climates, if we are to judge from the rat response 
indicated in figures 1 and 2. Such equality could be attained only by 
supplementary cooling to properly facilitate body heat loss for the tropical 
residents. But the findings here reported do indicate that a great ad- 
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vantage would accrue from an adequate thiamine intake even with dit 
ficulty in heat loss still persisting. 

On an economic basis, it would probably be found less expensive to ad- 
minister the thiamine directly, in pure form or with some food universally 
used, than to seek adequate amounts of it in native foods. The peanut 
affords one of the cheapest and richest natural food sources. Wheat 
germ and veast, other rich sources, seem not to be preferred as regular 
dietary constituents. Lean pork is also high in thiamine, but hogs them- 
selves do poorly in tropical warmth and vield tough, stringy meat 

The strong tendency for a tropical distribution of beri beri, or for i 
appearance in more northern oriental latitudes during the months of 
severe monsoon summer heat, is perhaps largely explained by the findings 
here reported. Similar differences in the requirements for others of the 
respiratory catalysts may account for the predominance of their associated 
deficiency syndromes in the lower classes of tropical and sub-tropical 
populations. The poorer diets consumed by these people do contribute to 
the production of the deficiency states, but the higher requirement (for 
thiamine, at least) in tropical warmth greatly exacerbates the effects 
of any dietary inadequacy that may be present.+ Since nicotinic acid 
plavs a réle similar to that of thiamine in cellular combustion, it is quits 
likely that higher dietary concentrations of this catalyst will also be found 
advantageous for existence in tropical warmth. 

Only by thorough trial can the protective value of thiamine against 


excessive heat be established for man. Daily administration of supple- 


mental thiamine should make workers in boiler or furnace rooms, or in 
other types of severe heat exposure, more resistant to the heat effects 
It should also prove helpful for temperate zone residents who are hyper- 
sensitive to the heat waves of summer and for those who have developed 
symptoms of heat exhaustion. 


CONCLUSIONS 


Optimal thiamine requirement for rats (per gram of food or per calorie 
is found to be twice as high at 91°F as at 65°F environmental temperature 

Protection against the severe effects of excessive heat is afforded by an 
accessory thiamine intake above the ordinary daily need. 

Discussion is offered of the bearing these facts may have in regard to the 
problems of human existence under conditions of depressive heat. 
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Through the important studies of Cannon we are well informed about 
the excitation of the svympathetico-adrenal system under conditions ot 
emotion. The fact that severe emotional disturbances (fear, terror) 
may be accompanied by excitation of certain branches of the parasym- 
pathetic system as well as sympathetico-adrenal discharges, was not 
unknown to Cannon, but he assumed that it represented a pathological 
phenomenon in which the reciprocal relationship between sympathetic 
and parasvmpathetic innervation is disturbed rather than the expression of 
a physiological mechanism characteristic of the emotional process. — It 
cannot be doubted on the basis of clinical experience that parasympathetic 
discharges may occur even in relatively mild states of emotional excitement. 
For example, weeping is brought about as a result of parasympathetic 
excitation (Lund). Excited emotion may cause increased gastric secretion 
(Wittkower) or may precipitate a biliary colic (Bergmann). Increased 
peristalsis and more frequent urge to urinate are common signs of increased 


parasvmpathetic activity during emotional excitement. Startle may pro- 


duce a marked fall in pulse rate (Tomaszewski). These findings seem to 
indicate that the emotional process is characterized by discharges affecting 
both branches of the autonomic nervous system at the same time. 

The results of electrical stimulation of the hypothalamus also lend sup- 
port to this idea, since in contrast to older observations of Ranson, Kabat 
and Magoun, signs of parasympathetic excitation may be elicited from the 
whole hypothalamic area provided that weak stimuli or stimuli of low 
frequencies are used (Masserman and Haertig; Hare and Geohagan). 
Our own experiences (Carlson, Gellhorn and Darrow) indicate that hy- 
pothalamie stimulation may lead to excitation of the parasympathetic 
and the sympathetic, and also to an inhibition of the parasympathetic, 
and that excitation of both systems may result from the stimulation of the 


! Preliminary report: Science 92: 288, 1940. 
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same part of the hypothalamus. On the basis of these experiments it is 
not impossible that hypothalamic stimulation induced either by electrical 
stimulation or under conditions of emotion can lead to both parasympa- 
thetic and sympathetic discharges. 

Feldman, Cortell and Gellhorn (1940) were able to show recently that 
chemical stimulation of autonomic centers leads to a simultaneous dis- 
charge over both the sympathetico-adrenal and the vago-insulin systems 
It was deemed of interest to investigate whether the processes of sham rage 
as induced by hypothalamic stimulation or of rage and other forms of 
emotion in the waking animal may also involve the vago-insulin system. 

Mertruops. The experiments which were carried out on cats may be 
divided into three groups. In the first group the animals were anesthetized 
with chloralosane (100 mgm./kgm. subcutaneously). The adrenals were 
removed and the liver denervated in order to eliminate the effect of hypo- 
thalamic stimulation on part of the svmpathetico-adrenal system. The 
hypothalamus was stimulated with faradic currents and a typical sham 
rage reaction was produced. The Horsley-Clarke apparatus was used 
to place the electrode into the hypothalamus. In order to evaluate the 
effect of sham rage on the vago-insulin system, blood samples were taken 
before and after bilateral vagotomy at various intervals and analyzed 
for sugar by the Somogyi modification of the Shaeffer-Hartman method 

In the second group of experiments the spinal cord was sectioned at the 
sixth cervical segment and the thyroid and parathyroid glands were 
removed under ether. Eighteen hours later the animals were lightly 
anesthetized with chloralosane (35 mgm./kgm. intravenously) and the 
hypothalamus was stimulated as in the first group. 

In a third group the cervical cord was sectioned as in the second group 
and 18 hours later the cat was confronted with a barking dog in an attempt 
to elicit a rage response. This experiment was repeated after the vagi 
had been cut subdiaphragmatically without the use of narcosis. 

Another group of experiments was performed on rats which were divided 
into three groups (normals, adreno-demedullated rats and adreno-de- 
medullated rats which had been vagotomized below the diaphragm 


These rats were subjected to “emotional excitement” by exposing them to 


the noise of fire-crackers, which has been found to stimulate the svmpathet- 
ico-adrenal system in normal rats (Harris and Ingle). Furthermore, the 
influence of struggle resulting from tying the animals to a board and from 
the application of slight faradic shocks was also studied on the vago-insulin 
system (Lumley and Nice). 

Resutts. Figure 1 illustrates two experiments typical for the first 
group in which the effect of a hypothalamic stimulation on the blood sugar 
was studied in animals deprived of the adrenals, the thyroid and para- 
thyroid glands and in which the liver had been denervated. In the first 
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experiment (1) the blood sugar was constant at a very low level. Stimu 


lation of the hypothalamus immediately posterior to the mammillary bod, 


elicited a marked sham rage response with arching of the back, extension 


of the forelimbs and an excellent pilomotor response. The blood suga: 


was slightly decreased during the half-hour which followed the perio 


of excitation. Hereafter the vagi were cut and the period of stimulation 


Was repeated, giving rise to a response qualitatively and quantitivel) 
similar to that observed prior to vagotomy. But the blood sugar respons 


is entirely different. Instead of observing a fall in blood sugar a temporary 


| Hypothalmic stimulation 
cut 


160 Fig. 2 i Exposed to barking dog 
* Vag cut 


gar 


Blood su 


3 oO 2 
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Fig. 1. The effect of hypothalamic faradie stimulation (indicated by the black 
rectangle) on the blood sugar of cats before and after vagotomy. Vagi were cut at * 
In the experimentsof graphs 1 and 2 the adrenals were removed and the liver dener- 
vated. In graphs3and 4the cervical spinal cord of the cats had been sectioned at the 
6th cervical segment 18 hours prior to the experiment. 

Fig. 2. The effect of rage on the blood sugar of cats whose spinal cord had been 
sectioned at the 6th cervical segment before and after vagotomy. 


rise occurred. The second experiment, in which the mammillary body 
was stimulated, showed no marked alteration in blood sugar following the 
sham rage reaction in spite of distinct signs of pilomotor reactions. It is 
found that the blood sugar decreased slightly at first and then showed a 
small rise. However, after the vagi had been cut the blood sugar rose 
distinctly and for a long time. 

All experiments of this group have one feature in common, i.e., that the 
rise in blood sugar after vagotomy is much more marked in these animals 
with inactivated adrenals than it is when the vagi are intact. The nature 
of this blood sugar rise is not fully understood. It is probable that in this 
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group of experiments sympathin plays a role. It is also conceivable that 
the liver was not completely denervated in every instance and that some 
effect of stimulation of sympathetic fibers leading to the liver was not 
eliminated. However, this interpretation is not very likely since Britton 
found no or only a very slight influence on glycogenolysis of the svmpathetic 
fibers innervating the liver under conditions of emotional excitement 
(Cannon). It seems to us of greater importance to show that the vagotomy 
invariably altered the blood sugar response to hypothalamic stimulation, 
and that the effects indicate that hypothalamic stimulation leading to the 
characteristic syndrome of sham rage produces hypoglycemia via the 
vagi which may or may not be overshadowed by the simultaneous liberation 
of sympathin. 

In the second group the svmpathetico-adrenal system was eliminated by 
sectioning the cord at the sixth cervical level. In addition, the thyroid 
and parathyroid glands had been removed. The effects of sham rage on 


) 


the blood sugar were quite similar to the first group. Graph 3 of figure | 
shows that stimulation of the lateral hypothalamic area leading to a mild 
sham rage reaction characterized by spreading of the claws and pupillary 
dilatation caused a fall in blood sugar when the vagi were intact. ‘This 
effect was completely reversible. If, however, the stimulation was repeated 
after vagotomy, the only effect was a temporary rise in blood sugai 
Graph 4 represents a similar experiment in which the lateral hypothalamic 
area was stimulated. The blood sugar level was high but remained con- 
stant over many hours. Following the first period of hypothalamic 
stimulation in which the vagi were intact a distinet fall in blood sugar was 
observed. Eighty minutes after the period of stimulation the blood sugar 
had returned to the original level. The experiment was then repeated 
after bilateral vagotomy and led now to a distinct rise in blood sugai 
Another experiment was also characterized by a relatively high blood sugai 
level but this level was maintained throughout the experiment quite 
satisfactorily. The electrode was inserted close to the red nucleus. A 
marked rage reaction was observed, with dilatation of the pupil, increased 
respiration, upward movements of the forelimbs and swallowing. The 
stimulation produced a distinct fall in blood sugar which was reversible 
within 15 minutes. After vagotomy a similar period of stimulation pro- 


ducing a rage reaction closely akin to the reaction observed during the 


first test resulted in a distinct and reversible rise in blood sugar. 

All the experiments show convincingly that hypothalamic stimulation 
leading to the syndrome of sham rage produces in cordotomized and thy- 
roidectomized animals a fall in blood sugar which is mediated by the vagi. 
After these nerves have been divided, a slight rise results from the hypo- 
thalamic stimulation. 

It seems to be of interest to discuss briefly an apparent exception to this 
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rule. In an experiment in which the animal was prepared as in the last 
group and in which the mammillary peduncle was stimulated, the blood 
sugar fell 34.4 mgm. per cent as a result of hypothalamic stimulation 
Because the animal was used for another experiment involving the nic 
titating membrane, the vagi were then cut but the sympathetic, which can 
easily be separated from the vagi in the cat, was left intact. In this 
experiment it was observed that after vagotomy a less but still distinct 
fall in blood sugar (22.6 mgm. per cent) was observed. It seems likely in 
the light of the other experiments discussed in this paper, in which such 
hypoglycemic effects after transection of the vago-svmpathetic were not 
observed, that the “‘svmpathetic’? may contain some vagal fibers sufficient 
to increase insulin secretion. 

The last group of experiments on cats Comprises those experiments which 
were performed on cordotomized cats without anesthesia. The animals 
were confronted with a barking dog and in some instances in which they 
did not react satisfactorily to the dog they were teased for several minutes 
The effect of the rage thus elicited was studied on the blood sugar before 
and after the vagi had been cut below the diaphragm as illustrated in 
figure 2. The upper graph of this figure shows a relatively high blood 
sugar level at the beginning of the experiment. The rage reaction induced 
a fall in blood sugar which was to a large extent reversible. Abdominal 
vagotomy was performed and several hours later a second rage reaction 
was elicited. The effect was quite different from that observed in the 
first test since now a marked rise in the blood sugar resulted. The experi- 
ment illustrated in the lower graph of figure 2 shows only a slight variation 
in blood sugar after the rage reaction but a marked rise resulted when the 
experiment was repeated after division of the vagi below the diaphragm. 


The experiments seem to show that sham rage produced by hypothalamic 
stimulation and rage elicited in the cat by confronting it with a barking dog 
result in a hypoglycemic effect which is due to excitation of abdominal 
branches of the vagi. This interpretation is strengthened by the experi- 
ments of Britton and La Barre, who showed that stimulation of abdominal 
vagal fibers leads to hypoglycemia by increasing the rate of secretion of 
insulin. 


Rats subjected to the noise of fire-crackers for three minutes show typical 
motor responses suggesting fear. The effect on the autonomic centers is 
similar to that resulting from the injection of metrazol as reported by 
Feldman, Cortell and Gellhorn. Normal rats respond to the stimulus 
with a considerable hyperglycemia whereas adreno-demedullated rats show 
a temporary fall in blood sugar averaging 20 mgm. per cent. Fifteen 
minutes later the sugar level has returned to approximately the control 
value. Rats in which in addition to the demedullation of the adrenals the 
vagi have been cut below the diaphragm show a rise in blood sugar of a 
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few milligrams per cent which in spite 
hardly significant physiologically (table | 


TABLE 1 


* 


fear* on blood suga 


\. Normal rats 


in 
Standard dev 
P 
alectomized rats 


13 


Mean 
Standard dev. 


P 


Adrenalectomized-vagotomized rats 


“Iw 


tow 


Mean 
Standard dev. 
P 


* The rats were exposed to the noise of fire-crackers for 3 minutes 


A final series of experiments was conducted on rats which struggled 
because thev were tied to a board. 


The struggle was reinforced by ap- 
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plication of painful stimuli (faradie shock) to the toes. The results 
produced in table 2 are similar to those obtained in experiments involving 
lear reactions, 


In both sets of experiments it was found that rats subjected to emotiona 
TABLE 2 
Effect of str uggle * on blood 
BLOOD SUGAR (MGM. PER CENT 


> after completion 


A. Normal rats 


JI 
we 


B. Adrenalectomized rats 


64.5 
66.6 
64.5 
66.6 
65.6 


The rats were tied to a board for 10 min. 


excitement react with a marked hyperglycemia when the adrenals are 


intact and with a conspicuous hypoglycemia after demedullation of the 


adrenals. Since the latter reaction disappears after the additional section- 
ing of the vagi below the diaphragm it is evident that the hypoglycemic 
reaction elicited by emotional excitement in adreno-demedullated animais 
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is due to an increase in the rate of insulin secretion brought about by 
central stimulation of the vagus 

Discussion. The experiments reported in this paper show clearly that 
hypothalamic stimulation leading to the sham rage syndrome is ac- 
companied by a fall in blood sugar in animals in which the secretion ot 
adrenalin by sympathetic excitation is eliminated. This fall seems to be 
due to impulses reaching the pancreas via the vagi since the reaction is 
abolished when the vagi are cut andthe experiment is repeated with the 
same outward success. The fall in blood sugar is slight and occasionally 
absent, but the comparison of the blood sugar reaction obtained in the 
normal and the vagotomized animal invariably indicates a greater hyper- 
glveemic effect of the sham rage reaction in the latter. Since it is well 
known that hypothalamic stimulation (Magoun and collaborators) as 
well as emotional excitation (Bodo and Benaglia; Partington) may lead to 
the contraction of the denervated nictitating membrane in adrenalectom- 
ized animals, it is highly probable that the rise in blood sugar observed in 
adrenalectomized and vagotomized animals is due to sympathin. The 
fact that these results were obtained in animals with the thyroid and 
parathyroid removed clearly proves that any alteration in thyroid secretion 
is not responsible for changes in the blood sugar level. 

Since the identity of the autonomic changes accompanying sham rage and 
rage reactions may be questioned, it is of great importance to decide 
whether the results obtained in experiments on sham rage are applicable 


to the natural emotional process. The rage reaction elicited in the cat by 
a barking dog was chosen for the study of the autonomic changes in 
emotion. This reaction is known to produce marked sympathetico-adrenal 
discharges (Cannon). When the effect on the sympathetico-adrenal 
svstem had been eliminated by the sectioning of the spinal cord at the 


sixth cervical level, it was found that rage produced a hypoglycemic re- 
action mediated by the vagi but such reaction was absent after the vagi 
had been sectioned below the diaphragm. 

This work was confirmed and extended by experiments on rats involving 
struggle and, in another group, ‘emotional excitement’? by exposure to 
loud noises. Since in the rat experiments the svmpathin response is 
apparently very small, the effect on the vago-insulin system as shown by 
the hypoglycemic response to excitement is still more distinct than in our 
experiments on cats. 

It is interesting to note that the hypoglycemic response to noise of adrenal- 
ectomized rats was observed by Harris and Ingle. Lumley and Nice 
found in the majority of their adrenalectomized rats a hypoglycemic 
response to struggle and Britton found the rage reaction to cause a fall in 
blood sugar in adreno-demedullated cats. However, these authors failed 
to see the significance of their findings and did not study the effect of 
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abdominal vagotomy which disclosed the nature of the hypoglycemi: 
reaction. 

Our experiments explain also an apparent paradox observed by Bodo 
and Benaglia. These authors found that both stimulation of the accel- 
erator nerves and emotional excitement cause a similar contraction of the 
denervated nictitating membrane in cats with inactivated adrenals 
However, the blood sugar rose 100 to 200 mgm. per cent in the case of the 
accelerator nerve stimulation whereas in conditions of emotional excitement 
the rise in blood sugar was very slight. On the basis of our experiments it 


must be assumed that emotional excitement caused the liberation of 
insulin as wellas sympathin. The effect on the blood sugar is consequently 


less than it is in the case of stimulation of the accelerator nerves although 
the amount of svmpathin liberated and tested by the nictitating membrane 
may be similar in both instances. 

The experiments show also that various forms of emotional excitement 
(fear, rage) although calling forth different cerebrospinal responses (motor 
patterns) act in a similar manner on the vago-insulin and the sympathetico- 
adrenal systems. 

Cannon has repeatedly emphasized the great physiological significance 
of the increased blood sugar level for conditions of fighting which ac- 
company emotional excitement. If we consider the blood sugar level 
alone, the activation of both vago-insulin and sympathetico-adrenal 
systems might be looked upon as a disadvantageous reaction, since the 
insulin secretion must have a tendency to counteract the rise in blood 
sugar. It must be remembered, however, that the utilization of glucose 
depends not only on the blood sugar level but also on the amount of insulin 
present (Soskin). Consequently a hyperglycemic reaction combined with 
increased insulin secretion creates optimal conditions for the utiliza- 
tion of glucose. The vago-insulin and the sympathetico-adrenal system 
act as synergists as far as utilization of glucose is concerned. This syner- 
gistic action is made possible by the greater reactivity of the svmpathetico- 
adrenal system which causes and maintains a hyperglycemia in spite of 
the increased secretion of insulin under conditions of emotional excitement. 
It is interesting to note that this relationship is preserved under various 
conditions leading to a central excitation of the autonomic centers, since 
similar results are obtained in anoxia, after metrazol (Feldman, Cortell 
and Gellhorn), and electrically induced convulsions (Kessler and Gellhorn), 
and under the influence of cocaine and bulbocapnine (Feldman, Cortell 
and Gellhorn). 


SUMMARY 


If the effect of central excitation on the adrenal system is eliminated 
(denervation of adrenals, sectioning of the spinal cord), it is found that 
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sham rage produced by faradic excitation of the hvpothalan 
companied by a fall in blood sugar. Since this 
subdiaphragmatic vagotomy it is assumed that the hypoglyvcer 
result of excitation of the vago-insulin svstem 

The rage reaction causes a fall in blood sugar in cats in which the cervies 
spinal cord has been sectioned. After vagotomy, rage produces in such 
animals a slight hyperglycemia which is probably due to the action of 
svmpathin. 


Fear and struggle cause hypoglycemia in adreno-demedullated rats and 
no change or a slight rise in the blood sugar (svympathin) in adreno-de 


medullated-vagotomized rats. Since in normal animals emotional ex- 
citation (fear, rage) and sham rage cause hyperglycemia it follows that 
emotion as well as sham rage causes a discharge over both vago-insulin 
and svmpathetico-adrenal svstems with a predominance of the latter 
The significance of this phenomenon is discussed. 


REFERENCES 
BERGMANN, G. Funktionelle Pathologie (2nd ed.). Berlin, 1936 
Bopo, R. C. anp A. E. BenaGuia. This Journal 121: 738, 1938 
Britron, 8S. W. This Journal 74: 291, 1925 
This Journal 86: 340, 192S 
Cannon, W. B. Bodily changes in pain, hunger, fear and rage. New York, 1929 
The wisdom of the body New York, 1932. 
Bull. N. Y. Acad. Med. 16: 3, 1940. 
Carson, H. B., E. GELLHORN AND C. W. Darrow Arch. Neurol. Psychiat. 45: 
105, 1941 
FELDMAN, J., R. CorTeELL anp EF. GELLHORN. This Journal 131: 281, 1940.) 
Soc. exper. Biol. and Med. In press 
GELLHORN, E., R. Correct ann J. FELDMAN. Science 92: 288, 1940 
Hare, K. ann W. A. Geouacan. This Journal 126: 524, 1939 
Harris, R. bk. anno D. J. INGLE. This Journal 120: 420, 1937 
KESSLER, M. aND GELLHORN. Proc. Soc. exper. Biol. and Med. In press 
La Barre, J. ANDO. VESSELOVSKY. Arch. int 87: 188, 1933 
LumMLey, F. H. ann L. B. Nice. This Journal 93: 152, 1930 
Lunp, F. H. J. Soc. Psychol. 1: 136, 1930. 
Macoun, H. W.,8.W. Ranson ano A. HETHERINGTON. This Journal 119: 615 
MasseRMAN, J. H. W. Haertic. J. Neurophysiol. 1: 350, 1938 
ParTINGTON, P. P. This Journal 117: 55, 1936. 
Ranson, S. W., H. Kaspar anno H.W. Macoun. Arch. Neurol. Psychiat. 33: 467, 
Soskin, S. anp R. Levine. This Journal 120: 761, 1937 
Tomaszewskl, W. Ztschr. Kreislforsch. 29: 745, 1937 
Wirtrkower, E. Klin. Wehnschr. 7: 2193, 1928; 10: 1811, 1931 
Wirrkower, E. anp W. WKlin. Wehnsehr. 11: 718, 1932 


THE COMPOSITION OF GASTRIC JUICE AS A FUNCTION OF 
THE RATE OF SECRETION 


J. S. GRAY anp G. R. BUCHER 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago 


Aecepted for publication April 7, 1941 


It was observed in a previous study (1) that as the rate of secretion of 
gastric juice increases, the output of neutral chloride increases, whereas the 
concentration of neutral chloride diminishes to a limiting value of ap- 
proximately 11 m.eq./l. There are two possible explanations for this 
observation: a, the parietal cell may secrete neutral chloride, or b, increased 
parietal cell activity may be accompanied by a corresponding increase in 
the secretion of neutral chloride by non-parietal cells. A decision regarding 
the relative importance of these alternative explanations must precede 
the formulation of any theory to account for the variations in the composi 
tion of gastric juice. 

A study of the behavior of the individual cations which compose the 
neutral chloride of gastric Juice was accordingly undertaken, since this 
appeared to provide the most direct approach to the problem. In addition 
the possible influence of the rate of secretion on the osmotic pressure ot 
gastric Juice was investigated. The ultimate purpose of this study was to 
seek an explanation for the variations in the composition of gastric juice. 

Meruops. For this study 183 samples of gastric juice were collected 
on two successive days from six dogs with vagotomized pouches of the 
entire stomach, in which a continuous flow of gastric juice was maintained 
by repeated injections of histamine at 10 minute intervals. These sam- 
ples, collected at 20 minute intervals, were pooled at the time of collection 
according to the volume-rate of secretion to form nine pooled samples 
These were then subjected to chemical analysis and the data thus obtained 
were subjected to a thorough statistical analysis. The details of the 
physiological procedures and the statisticat methods are given in a pre- 
vious paper (1). 

The total acidity was determined by titration using phenolphthalein 
as the indicator. Total chlorides were determined by Volhard titration 
following NagCQOs fusion. Neutral chloride was calculated by difference. 
Calcium and potassium were determined by the methods of Clark and 


Collip (2) and Breh and Gaebler (3) respectively, using neutralized aliquots. 
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Sodium was calculated by subtracting from the neutral chloride 
of the potassium and calcium. Freezing point depressions were measured 
with a Beckmann thermometer. 

Resutts. The results of the chemical analyses of the 9 pooled samples 
of gastric juice are presented in table 1. Attempts to detect fatty acids in 
these samples were unsuccessful because of their extremely low concentra 
tion. This is in contrast to the report of Ling, Liu and Lim (4 

Re lationships between output and rate of secretion The outputs ot total 
acid, and neutral chloride, K, Na, Ca, and total osmotic units (arbitrarily 
expressed as the product of volume and freezing point depression in degrees 
Centigrade) bear in each case linear relationships to the volume-rate ot 
secretion. With the exception of the case of sodium, the correlation coeffi- 
cients are 0.9 or greater, indicating a high degree of correlation, and the 


TABLE 1 


Chemical composition of 9 pooled samples of gastric juice 


../20 MIN. Cl HCl BCI N 
m.eq./l. m.eq./l. m.eq./l. a m.eq./l 
155. 61 1.350 
157.¢ 110 46 952 
159 121 38 760 
161. 120 41 SOO 
162 130 31 654 
161 134 27 544 
164.: 138 26 .: 530 
162.6 137 25 482 
162.6 142.0 20 100 


NJ 


m Wh wh 


slopes (b constants) are significantly positive in a statistical sense, indi- 
cating that the outputs increase with the rate of secretion (see table 2 

Relationships between concentration and rate of secretion. The concen- 
trations of total, acid, and neutral chloride, Na, Ca, and osmotic pressure 
bear hyperbolic relationships to the rate of secretion. In every case the 
correlation coefficients are greater than 0.9 (see table 3). The hyperbolic 
relationships are direct in the case of total and acid chloride, and osmoti: 
pressure, indicating maximal asymptotic levels at rapid rates of secretion 
Thus, as revealed by the d constants, the maximal concentration of total 
chloride is 165.6 m.eq./L., of acid chloride, 153.1 m.eq./l., and of freezing 
point depression, 0.617 degree C 

The hyperbolic relationships are inverse in the case of neutral chloride, 
Na and Ca, indicating asymptotic minimal levels at rapid rates of secretion 
Thus, as revealed by the d constants, the minimal concentration of neutral 
chloride is 12.5, of Na, 5.1, and of Ca, 0.2 m.eq./l. In the case of sodium 
the figure is not statistically significant. 
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rABLE 2 


Relationships between volume-rate and the out 


puts of vartous tons 


volume -output method 


BCI K 


Correlation coefficients 


999 999 0.928 0.999 0. 999 


Volume independent * 


0527 0.3550 0.3009 —0.001229 2932 0.006560 02163 
1649 0.1535 0.0115 0.007371 .004132 0.0001977 .6139 
QOOSSO 0.00142 0.00175 0.000118 QO168 0 .0000321 00328 
0172 0.0277 0.0341 0.00231 0328 0.000626 00640 


Volume dependentt 


3336 2.1800 —23.13 193 — 24.4 20.4 0.3550 
».0590 ). 5780 80.73 3! 2.1: 1.6285 

0324 O610 12.29 5.6: 0.00871 
0.104 181] 2.76 31: 0.104 


* The regression of Cl, HCl, BC], K, Na, Ca, and A (designated by X) on volume 
rate (V) has the following form: 
X =a+t b\ 
The standard error of estimate of X is denoted by Sx and the standard error of b, 
the slope of the line, by op. 
t The regression of V on X is given by V = a’ + b’X and the standard errors of 
estimate are designated similarly to the above. 


TABLE 3 


Relationship between volume-rate and concentration of various ions 


(volume-concentration method) 


Volume independent* 
[Na] 
Correlation index 
0. 0.987 0.978 0.978 .979 -945 
62.9) — 349.36 286.38 278.91 6.509 2568 
d 165 153.05 12.52 5.093 0.1999 .6168 


od 0 1.93 2.06 2.01 0.0470 00286 
Sx 0.88 2.36 2.52 2.46 0.0575 .00350 


* The hyperbolic regression of [Cl], [HCl], [BCI], [Na], [Ca], and A (designated by 


[X]) on V, is given by: 


In contrast to the above, the concentration of IK remains constant at 


an average level of 7.4 m.eq./l., in spite of wide fluctuations in the rate 
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Cl HCl Na Ca 
a 0 
b 0 
ob 
Sx 0 
a 
b’ 
ob 
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= — + d. 
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of seeretion and in the acidity. This unique constancy of 


has been noted by others, not only in gastric juice (5, 6, 
saliva (9, 10). 

The systematic variation in osmotic pressure was somewhat unexpect 
since both mucous secretion (11) and highly acid gastric juice (12) have 
been reported to be isotonic. In order to investigate this phenomenon 
further, we determined the osmotic pressure of a, basal gastric secretion 
which failed to turn litmus paper red; b, slightly acid gastric juice secreted 
slowly in response to minimal doses of histamine, and c, highly acid juice 
secreted rapidly in response to large doses of histamine. As shown in 
table 4, the non-acid samples had fairly high osmotic pressures (averag 
0.597), whereas the faintly acid samples had lower (0.575) and the highly 
acid samples higher (0.610) osmotic pressures. The simplest explanation 
for these observations is that the interaction of the bicarbonate of the 


isotonie mucous secretion with the acid of the isotonic acid secretion 


TABLE 4 


Relationship between osmotic pressure and rate of secret 
NON-ACID SLIGHTLY ACID HIGHLY ACID 


20 min. 


Average. . 


releases COs, which correspondingly reduces the osmotic pressure of the 
mixture. 

Another striking characteristic of the behavior of the osmotic pressure 
is its close resemblance to that of the total chloride; in fact, when equiva- 
lent scales are used, the osmotic pressure hyperbola may be superimposed 
upon the total chloride hyperbola. This indicates that chloride is the 
only anion which contributes significantly to the osmotic pressure of acid 
gastric Juice. This fact has been commented upon before in the case ot 
highly acid gastric juice (12). 

Relationships between concentrations of various ions. Since the mucous, 
or non-parietal secretions, are isotonic, their concentration of total base 
must also be isotonic. A calculation, therefore, of the concentration of 
other ions corresponding to an isotonic concentration of total base (neutral 


chloride) would reveal the composition of the non-parietal secretion. —Ac- 


cordingly the relationships between neutral chloride and the other ions 
were determined. The relationships are in each case linear, with very 
high correlation coefficients (table 5). The relationship is direct in the 


DOG 
ec cc. / \ ec. 20 n 

28.3 0.580 0.570 Ld 0.620 

2 15.5 0.590 0.580 Qs 500 

3 15.4 0.600 5.0 0.570 27 6 0.610 

4 QS 0.618 3.7 0.580 21.4 0.630 
P| 0.597 8.7 0.575 18.7 0.612 
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ease of Na and Ca, and inverse in the case of total chloride and acid 
chloride 

Why does the neutral chloride output increase with the secretory rate? Th 
behavior of KK in gastric juice is unique in that its concentration remain 
constant. This can only mean that it is secreted by all the cells of the 
gastric glands and in the same concentration by each, namely, 7.4 m.eq. /] 
if this were not the case, variations in the proportion of parietal secretion 
in gastric juice would be reflected as changes in K concentration. Thi 
increase in the output of potassium which accompanies an increase in thi 
rate of secretion only partially explains, however, the behavior of the 


TABLE 5 


Relationships between concentration of total base and concentration of other ions 


(concentration-concentration method) 
Cl {HCI} Ca) 
Correlation coefficient 
—0.991 999 
BCI independent* 


167.42 08064 .0462 
—1.194 02262 9726 
0.0627 000737 00520 
2.02 0238 .0168 


BCI dependentt 


138.18 3.800 7.250 
b’ 3. 29% —().8214 43.887 1.0280 
oD ( 0.0431 43 0.00550 
2% 1.68 0.172 


* The regression equation has the form [X] = a + b[BCl], where [X] denotes [Cl 
{HCl], [Ca], or [Na], and other symbols are used as in previous tables. 

+ The regression equation with [BCI] as the dependent variable has the form 
[BC]] = a’ + b’[X]. 


neutral chloride fraction; the outputs of Na and Ca also apparently 


increase. Since their concentrations do not remain constant, two possible 


explanations are available; a, they are secreted in very low concentrations 
(6.0 and 0.21 m.eq./l. respectively) by the parietal cell, or b, increased 
parietal cell activity is accompanied by a slight increase in the activity 
of non-parietal cells, which alone secrete Na and Ca. The latter explana- 
tion is preferred, since the increase in the Na output is questionable from 
a statistical standpoint and that of the calcium is questionable from an 
analytical standpoint. 


It is very possible that the behavior of Na and Ca would be less ambigu- 


a 167.50 

b 0.1968 
op 0.0548 
1.52 
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ous if gastric juice were collected during sham-feeding, which stimulates 
non-parietal cells more effectively than histamine. 

W hat is the composition of the parietal secretion? By somewhat different 
processes of reasoning, Liu et al. (13) and Hollander (14) both concluded 
that the acidity of the parietal secretion is equal to the maximal total 
chloride concentration of gastric juice. This conclusion is no longet 
acceptable in view of the demonstration discussed above, that the parietal 
cell must secrete neutral chloride in the form of a potassium salt. 


The first step in predicting the composition of the parietal secretion is 
to determine the composition of gastric juice which consists as nearly as 


possible of parietal component only. This condition is met when the 
juice is being secreted at its maximal rate and at its highest acidity. In 


TABLE 6 


Limiting values for concentration of ions in gastric juice 


ALKALINE SECRETION MOST ACID SECRETION 


method 
BCI ind. BCI dep. fol. ind. Vol. dep. — 
134.8 120.§ 131 165 
30.4 — 34. 153 
134 120.§ 131. 12.3 
166 166 166.07 2. 12.. 
154.-¢ 154 154.6 


» 


‘ 
3.67 3.4 3.6 3 0.9 

HCO 9 
A 615t 0.615t 0.614 O 


* Value not included in average. 


+ Value assumed to make secretion isotonic 


table 6 the limiting values for the various ions corresponding to an infinite 
rate of secretion are presented. These figures must be modified, however, 
for we have concluded that the small amounts of Na and Ca which are 
present in the most acid juice have been contributed by non-parietal cells. 
After taking this factor into consideration, the composition of parietal 
secretion, as summarized in table 7, is estimated to be 166 m.eq./1. of Cl, 
7.4 of K, and the difference, 158.6, of hydrogen ion. 

What is the composition of the non-parietal secretion? Since it has not 
been possible in the present investigation to differentiate the secretory 
products of the peptic, mucous chief cells, and the surface epithelium, the 
term non-parietal secretion is used to refer collectively to their contribution 
to gastric juice. 


ION 
Ave 
i 
Cl 165.2 
152.9 
BCI 
B 12.1 
Nat 6.0 
() 0.2] 
0.615 
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In regard to Ky, it has already been shown that it must be secreted by 
the non-parietal cells in a concentration of 7.4 m.eq./l. In regard to the 
other ions a less direct method of estimation must be employed. It has 
been demonstrated that the non-parietal secretion is isotonic, and henc« 
its concentration of total base must be isotonic, namely, 166° m.eq. /| 
Krom the equations which relate the concentration of neutral chloridk 
(or total base) to the concentrations of Na, Ca, total, and acid chloride 
one can calculate the concentration of the latter ions which correspond to 
166 m.eq./l. of total base. The results of such calculations are presented 
in table 6. It should be noted that the acidity is found to be a negative 
value, indicating an acid deficit, which has also been entered in the table 
as bicarbonate. 

An analogous calculation can be made from the hyperbolic equations 
relating the rate of secretion to the concentrations of the various ions 
From the neutral chloride (or total base) equation one can derive that a 


TABLE 7 


Estimated composition of parietal and non-parietal secretions 


ANIONS CATIONS 
os- 


MOTI 
SECRETION Chloride PRES 


HCO; Total Nz SURE 
Total Neutral 


Parietal 166 7.4 0.0 , 166 158.6 4 0.0. 166 0.615 
Non-parietal 133 133 33 166 0.0 $f | 3.7 | 165.6 | 0.615 


total base concentration of 166 m.eq./l. corresponds to a volume rate of 
1.68 ce. per 20 minutes. In the other equations this volume-rate corre- 
sponds to the concentration of the other ions in the non-parietal secretion 
The results of such calculations are also shown in table 6. The agreement 
is reasonably close between the estimates obtained by the two methods of 
calculation. 

The values for the bicarbonate ion were determined as acid deficit 
The values can be supported, however, by other evidence. Chloride and 
bicarbonate ions make up nearly the entire anion content of alkaline gastric 
juice; hence the total base of 166 minus the chloride of 134.8, gives 31.2 
m.eq./l. for the bicarbonate fraction, a reasonable check. Furthermore, 
since the osmotie pressure so closely follows the total chloride concentra- 


tion, the fall in osmotic pressure which accompanies the mixing of parietal 


with non-parietal secretion is exactly predictable on the basis of COs 
evolution. 


The averaged values which represent the estimated composition of the 
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non-parietal secretion are presented in table 7. These values are within 
the ranges reported by other investigators who used other methods (sec 
Hollander, 15). 

Discussion. What is the explanation fo the variations in the compositior 
of gastric juice? Tf gastric juice is a mixture of two components, the 
parietal and the non-parietal, then the composition of gastric juice can 
vary only within the limits set by the composition of these two components 
Under conditions where there is no parietal cell activity, the gastrie juice 
will take on the composition of the non-parietal secretion; when parietal 
cell activity greatly predominates, the juice will approach the composition 
of the parietal secretion. 

As a result of the present analysis of gastric juice secreted in response to 
histamine, it can be said that the non-parietal component remains rela- 
tively constant in its rate of secretion. In the particular dogs used, the 
rate averaged 1.68 ce. per twenty minutes. It may increase very slightly 
under the influence of histamine, and would very likely increase significantly 
under the influence of sham-feeding or the ingestion of a meal. The rate 
of secretion of the parietal component, on the other hand, depends upon 
the strength of the stimulus. In the particular dogs used, the maximal 
rate attained was approximately 26 cc. per 20 minutes. Since the com- 
position of gastric juice depends upon the relative proportions of its two 
components, and since one of these Components is small in quantity and 
constant in its rate of secretion, whereas the other varies widely, it must 
be concluded that the composition of gastric juice is a function of its rate 
of secretion. 

It should be pointed out that this principle does not demand that all 
samples of gastric juice of a given volume-rate have identical composition 
Obviously, different individuals, or the same individual at different times 
may exhibit differential rates of secretion of the two components so that 
the proportion in a given total volume need not be always the same 
Nevertheless, even in these cases the composition of the juice will be a 
function of its rate of secretion. The only exceptions to this generalization 
would be a, when a secretory stimulus is equally effective in activating the 
two component secretions, or 6, when only one of the two components 
can be formed by the gastric glands. 

An apparent inconsistency with this generalization is the observation 


that at equal rates of secretion the acidity is usually lower during the 
ascending than during the descending portion of a secretory curve obtained 
following the injection of histamine. This is probably related to the fact 
that the meagre and viscous non-parietal secretion tends to accumulate 


in the lumen of the stomach and its glands and is ‘‘washed out’ in excess 
during the first portion of the response to histamine. This complicating 
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factor was, of course, avoided in the present investigation by collecting a 
continuous secretion, and then only after the first hour’s samples had 
been discarded. 


CONCLUSIONS 


1. The outputs of HCI, Cl, BCl, K, Na, and Ca by the gastric glands 
increase with the rate of secretion in linear fashion, but at diffrent rates. 

2. The concentrations in gastric juice of BC], Na, and Ca decrease, and 
the concentrations of Cl, HCl, and the osmotic pressure increase with the 
rate of secretion in hyperbolic fashion, but at different rates. 

3. The concentration of K remains uniquely constant in gastric juice. 

+. From these observations it has been possible to show that the parietal 
cell secretion consists of 166 m.eq./l. of Cl, 7.4 of K, 158.6 of hydrogen ion, 
and that the non-parietal secretions consist of 133.3 m.eq./l. of Cl, 33.0 
of HCOs, 154.5 of Na, 7.4 of K, and 3.7 of Ca. 

5. The composition of gastric Juice can vary only between the limits 
set by its two main components, the parietal and the non-parietal. Since 


the non-parietal component is secreted at a very slow and _ practically 


constant rate, whereas the parietal component is secreted at rates which 
vary widely with the dosage of histamine, it is concluded that the composi- 
tion of gastric juice is a function of its rate of secretion. 
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Lesions in the ventral portion of the hypothalamus of the female guinea 
pig may bring about disturbances of the reproductive cycle (Dey, Fisher, 
Berry and Ranson, 1940; Dey, 1941). In addition to the ovarian dis- 
turbances which occur in some animals, all animals of the group showed a 
complete absence of mating behavior and copulatory reflexes. Subsequent 
studies have suggested that the interference with copulatory behavior is 
not secondary to ovarian or anterior pituitary hormonal imbalances, but 
is the result of the destruction of elements of the central nervous system 
which are necessary to the integration of the behavior pattern (Brookhart, 
Dey and Ranson, 1940; Brookhart, Dey and Ranson, in press). It is the 
purpose of this communication to make a report of the effects of similar 
lesions in the hypothalamus upon the mating behavior of male guinea pigs. 

Nine male guinea pigs weighing between 600 and 800 grams were used 
in this experiment. The lesions were placed in the hypothalamus by 
means of the Horsley-Clarke instrument bearing a unipolar electrode. 
In 4 of the animals the lesions had previously been placed by Dr. R. Gaupp 
in the course of studies on diabetes insipidus and no data on the preopera- 
tive sexual behavior are available. The preoperative sexual behavior 


of the remaining 5 animals was observed by placing them singly in cages 


with one or more spayed females in induced estrus, and was seen to be 
normal. Similar behavior tests were made on each animal 2 to 4 weeks 
postoperatively, each animal being given 3 or more observation periods 
of at least an hour in duration. In order to obviate the possibility that 
any deficiency in sexual behavior was due to the strangeness of the sur- 
roundings or lack of sexual experience, each of the operated males was 
placed in a cage with three normal females for a sufficient length of time 
to allow all of the females to go through two sexual cycles. The presence 
or lack of pregnancy at the end of the period was regarded as an indica- 
tion of the sexual potency of the males. 


1 Aided by grants from the Rockefeller Foundation and from the Committee for 
Research in Problems of Sex, National Research Council. 
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\t the end of the experimental period, which lasted 6 months, each of 


the animals was subjected to the Batelli (1922) electrical ejaculation test, 


and the ejaculate was examined for sperm. At the time of sacrifice, smears 
of the epididymides were examined for motile sperm. Portions of the 
testes and seminal vesicles were fixed, sectioned and stained with hematox- 
vlin and eosin. The hypothalami were fixed and sectioned, and alternate 
sections were stained with cresv] violet and Weil stains 

When a normal male guinea pig is placed with receptive females, he 
begins an immediate round of investigation accompanied by purring, 
treading, ruffling of the hair on the back of the neck and shoulders, dilata- 
tion of-the para-anal pouches, and sniffing of the genitalia of the female. 
\ short period of this courtship activity appears to be necessary for the full 


TABLE 1 


Es- 


PREG- 
SPERMA- SEMINAL | TROU 
ACTIVITY TESTS SEMEN TESTES NAN 


TOZOA VESICLES PE- 


r1ops | CIES 


No aetivity Seanty | Normal} Normal) Normal 
No activity Normal | Normal | Normal Normal 
No activity Normal | Normal | Normal Normal 
No activity Normal | Normal | Normal Normal 
Treading, purring and | Normal | Normal | Normal Normal 
sniffing only 
Few mild mountings Normal | Normal | Normal Normal 
Few mild mountings Normal | Normal | Normal) Normal 


Total number of estrous periods—40. Pregnancies 


Normal behavior Normal Normal Normal) Norm 
Normal behavior Normal Normal’) Normal) Norm 


Total number of estrous periods—10. Pregnancies 
* Animals operated by Doctor Gaupp. No preoperative data. 


development of sexual excitement. The act of sniffing and rubbing the 
hair on the back of the female in the wrong direction finally culminates in 
mounting and copulatory thrusts. 

The results of the various observations on the operated males are sum- 
marized in table 1. In 2 of the animals which were not operated by us, 
copulatory behavior was normal. Three of the animals exhibited court- 
ship behavior of varying degrees of intensity, one failing to mount while 
the other two mounted a few times but executed no copulatory movements. 
The remaining 4 animals showed absolutely no interest in the estrual fe- 
males with which they were placed. 

Each of the males was caged with 3 normal females throughout the 
period of 2 full eveles. Depending on whether or not they impregnated 
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one of the females during the first eyvcle, each male was with fem: through 
5 or 6 estrous periods and thus had 5 or 6 opportunitics to cause pregnancy 

Out of a total of 50 opportunities which were offered the 9 males only 7 
pregnancies resulted, and no seminal remnants were noted on the genitalia 
of any of the females which did not become pregnant. ‘The 2 males which 
showed normal behavior in the preliminary tests accounted for 4 of the 
pregnancies, impregnation occurring in 4 out of a total of 10 estrous periods 
One of the animals which showed mild courtship behavior had 5 oppor- 
tunities and only impregnated one of the females in his cage. The re 

maining 2 pregnancies occurred in the case of one of the animals which 
previously had shown no interest in the females. “The remaining 5 animals 
failed to impregnate any of the females in their cages. Thus, the animals 
which showed reduced sexual activity while under observation produced 
only 3 pregnancies out of a total of 40 opportunities. 

In all cases but one, the semen which was obtained upon electrical 
ejaculation was normal in volume and coagulated almost immediately 
after ejaculation. The seminal vesicles of the one animal which delivered 
only a scanty amount of semen were seen to be distended with secretion 
when the animal was autopsied immediately after the attempted cjacula- 
tion. The seminal and epididymal smears showed numerous motile sperm 
in all cases. Microscopic examination of the testes indicated active 
spermatogenesis and lack of atrophy in the seminiferous tubules. ‘The 
interstitial tissue was normal in all animals. The seminal vesicle epithe- 
lium was high, and negative Golgi images distal to the nuclei were evident 
in all cases, 

With the exceptions of animals 3 and 4, the lesions were similar in loca- 
tion to those already described for the sterile female animals (Dey, 1941). 
The lesions occurred bilaterally near the ventral border of the hypothal- 
amus between the optic chiasma and the stalk of the pituitary. In the two 
exceptions which showed normal sexual activity the lesions were similarly 
located. However, the lesion in one of the animals was unilaterally placed, 
while that of the other involved only the most superficial portions of the 
basal surface of the hypothalamus. No significant differences could be 
noted between the lesions of animals 5 and 7 and the animals which failed 
to impregnate any of the females in their cages. 


The proximity of the lesions in these animals to the anterior pituitary 


raises the possibility that the reduced sexual behavior was a result of 
altered anterior pituitary function. However, the immediate postopera- 
tive reduction in sexual activity which has been observed argues against 
the possibility that such a reduction is the result of a lack of testicular 
hormone, since postpubertal castration causes only a gradual reduction 
in sexual drive (Ball, 1937; Stone, 1939). In addition, the condition of 
the seminal vesicle epithelium, the motility of the sperm, and the produe- 
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tion of a copious coagulable ejaculate in these animals may be taken 
an indication of a continued production of the testicular hormone (Moor 
1928; Moore and Gallagher, 1930; Moore, Hughes and Gallagher, 1930 
The continuation of active spermatogenesis, the lack of atrophy of the 
seminiferous tubules, and the continued secretion of testicular hormone 
in turn, point to a continuation of normal gonadotropic function on the 
part of the anterior pituitary. It is therefore suggested that the behaviora| 
deficiency in these animals is the result of destruction of elements of thi 
central nervous system rather than gonadotropic or androgenic hormona| 


imbalance. 


SUMMARY 


Lesions which are properly placed in the hypothalamus may abolish 
or greatly reduce sexual activity of male guinea pigs. This decrease in 
activity is manifested by a lack of interest in estrous females and by thi 
failure of operated males, with a few exceptions, to impregnate norma! 
estrous females, 

The continuation of active spermatogenesis, and the normal maintenance 
of the seminiferous tubules and of the seminal vesicles indicate normal 
gonadotropic function on the part of the hypophysis. It is therefore 


suggested that the behavioral deficiency is the result of a destruction of 


elements of the central nervous system which are necessary for the mating 
reactions. 
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Accepted for publication April 9, 1941 


In a previous publication (1) we described a technique for the rapid 
production of an uncomplicated riboflavin deficiency in the dog. ‘The 
present paper records the results of studies made to define more accurately 
the riboflavin requirement of the growing dog. In addition, the results of 
1, blood riboflavin determinations; 2, riboflavin “saturation” tests, and 
3, blood chemistry studies during various stages of riboflavin deficiency 
are reported. 

Meruops. Care of dogs. Mongrel pups (litter mates), recently weaned, 
were fed milk for 2 weeks and then placed on the basal ration previously, 
described (1). The ration was supplied ad libitum. Daily food consump 
tion records were kept for each dog and the riboflavin supplement, calcu- 
lated on the basis of the amount of ration consumed the previous day, 
was given daily by pivette. The riboflavin was administered as an aqueous 
solution containing 100 micrograms per ml. The dogs were weighed weekly 
except during critical periods when daily weighings were instituted. 

Blood riboflavin determinations. The blood riboflavin analyses were car- 
ried out by a microbiological method involving the use of L. casei (8, 4 


The blood obtained by venepuncture with oxalate as the anticoagulant 


was hemolyzed in distilled water and levels equivalent to 0.2 and 0.3 ml. 
of whole blood per assay tube were used. Duplicates were run at each level. 

Urinary riboflavin determinations. The dogs were placed in wire-bottom 
metabolism cages and 24 hour urine samples were collected in dark bottles 
under toluene. There was no contamination of the urine with fecal mate- 


1 Published with the approval of the Director of the Wisconsin Agricultural Experi 
ment Station. ‘These studies were aided by grants from the Rockefeller Foundation, 
the Wisconsin Alumni Research Foundation and the Works Progress Administration 

2 Commercial Solvents Corporation Fellow. 

> The liver concentrate used in these experiments was prepared from liver powder 

1-20) or from liver fraction B (the Wilson Laboratories) according to the directions 
given by Wagner et al (2). The final alkaline irradiation procedure was omitted 
The concentrate was fed at a level equivalent to 4 per cent of the original liver 
extract and contained less than 0.05 microgram of riboflavin per gram of original 
liver extract when assayed by a microbiological technique (3 We are indebted to 
Merck and Company, Rahway, New Jersey, for generous supplies of thiamin, nico 
tinie acid and vitamin Bg. 
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rial, “The 24 hour volume was determined, the pH adjusted to 6.8 and a: 
aliquot was stored in the refrigerator under toluene. When necessary, 
the urine was diluted with distilled water in order to adjust the riboflavir 
content to the correct assay range (approximately 0.1 microgram of ribo- 
flavin per mi.). All assays were made at 3 levels, each level being run in 
duplicate. The riboflavin determinations were carried out according to 
a microbiological method (3, 4). 

Blood chemistry determinations. Blood sugar, non-protein nitrogen, ures 
nitrogen and uric acid determinations were made according to the micro- 
methods of Folin (5) adapted for use in the Evelyn photoelectric colorime- 
ter. Hemoglobin determinations were made periodically. 

I.XPERIMENTAL. Nutritional studies. These studies were performed in 
an attempt to define the riboflavin requirement of the growing dog. Two 
animals, dogs I and II, were fed the basal riboflavin-free ration. Othe: 


dogs received the basal ration plus varying amounts of synthetic riboflavin. 


Dogs I and II exhibited a very poor initial rate of growth and at the end 
of the third week of the experiment growth had ceased entirely. Various 
doses of riboflavin were then given at intervals and the resulting growth 
responses were Observed. Some of the responses obtained with dog |] 
are given in figure 1. The growth responses to a given dose of riboflavin 
were quite consistent for each of the dogs. In this manner both dogs were 
kept in a chronic state of riboflavin deficiency for 6 weeks. Riboflavin 
therapy was always followed by a gain in weight. When riboflavin therapy 
was discontinued, the dogs failed rapidly and died within 2 weeks after 
the administration of the last dose of riboflavin. 

Dogs IIL and IV received 100 micrograms of riboflavin per 100 grams of 
ration. <A fair rate of growth (370 and 350 grams per week for dogs IT] 
and LV, respectively) was observed over a period of 10 weeks. The rapid 
decline following the removal of the daily riboflavin supplement is note- 
worthy. Dog IIT died within 2 weeks after the removal of the riboflavin, 
as indicated in figure 1, while dog IV failed rapidly and was maintained 
by the frequent administration of riboflavin. This dog died 7 weeks after 
the removal of the daily riboflavin supplement. 

Dogs V and VI received 200 micrograms of riboflavin per 100 grams of 
ration. At the end of 7 weeks dog V exhibited the collapse syndrome which 
is characteristic of acute riboflavin deficiency. The dog was given 400 
micrograms of riboflavin per kilogram of body weight by subcutaneous 
injection and an immediate recovery was effected. Within a week the 
dog again exhibited the same syndrome and was given 300 micrograms 
of riboflavin per kilogram of body weight by subcutaneous injection. A 
temporary recovery resulted but it became necessary to administer a 
similar dose of riboflavin a few days later. The dog died 8 days after the 
last treatment. After 9 weeks on experiment (during which the average 
weekly gain was 350 grams) the daily riboflavin supplement of dog VI was 
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discontinued. In contrast to the behavior of dogs III] and IV. dog VI 
maintained weight for 3 weeks following the elimination of riboflavin from 
the diet and 2 additional weeks elapsed before a precipitant loss of weight 
made it necessary to institute riboflavin therapy. The animal was in 
good condition at this time. Growth responses to various doses of ribo- 
flavin were observed as indicated in figure 1. The dog was sacrificed 
after 18 weeks on experiment. 
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Fig. 1. Growth of dogs on riboflavin deficient ration plus varying amounts of ribo- 
flavin. Dog I received only the basal ration plus riboflavin supplementation at the 
points indicated. Dogs III, VI and VII received the basal ration plus a daily supple 
mentation of 100, 200 and 400 micrograms of riboflavin per 100 grams of ration, 
respectively. A, 300 micrograms of riboflavin per kilogram of body weight, orally 
B, 300 micrograms of riboflavin per kilogram of body weight, by subcutaneous injec- 
tion. C, daily riboflavin supplementation was discontinued. D, 100 micrograms of 
riboflavin per kilogram of body weight, orally. Fk, 200 micrograms of riboflavin per 
kilogram of body weight, orally. F, 100 micrograms of riboflavin furnished by 
natural concentrate’ per kilogram of body weight, orally 


The growth rate of dog VII which received 400 micrograms of riboflavin 
per 100 grams of ration is given in figure 1. A good rate of growth was 
observed and the dog remained healthy during the course of the experiment. 
The animal was sacrificed at the completion of the experiment. 

Blood riboflavin determinations. A total of 6 blood samples was taken 
from dogs I and II while they were in acute stages of the deficiency. The 
riboflavin values of the 6 blood samples ranged from 0.30 to 0.38 microgram 
per ml. of whole blood with an average value of 0.34 microgram per ml. 


‘This sample (Solvamin) was kindly supplied by Commercial Solvents Corpo 
ration, Terre Haute, Indiana 
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A blood sample taken from dog [ while she was in a comatose condition 
had a riboflavin content of 0.30 microgram per ml. Blood samples were 
also taken from dog VII and from three dogs in the stock colony. These 
Values ranged from 0.46 to 0.49 microgram per ml. of whole blood with 
an average value of 0.48 microgram of riboflavin per ml. 

Urinary riboflavin studies (‘saturation” tests)® The “saturation’’ tests 
were performed in the following manner on dogs I, II, [IV and V while 
they were in the severe stages of the deficiency. The daily urinary 
excretion of riboflavin was first determined over a period of 3 to 4 days 
and the riboflavin was then administered either orally or by subcutaneous 
injection in doses ranging from 100 to 400 micrograms per kilogram of body 
weight. The riboflavin content of the following 24 hour urine specimens 
was determined. In most cases, the urinary riboflavin excretion reached 
the normal basal level within 24 hours after the administration of the test 
dose. “‘Saturation’”’ tests were performed on two normal dogs in the 
same manner. The results of these studies are given in table 1. In the 
case of dog II identical results were obtained when synthetic riboflavin 
and a natural concentrate of riboflavin were given orally. 

Blood chemistry studies. Blood glucose, non-protein nitrogen, urea nitro- 
gen, uric acid and hemoglobin determinations were carried out on all of the 
dogs during varying stages of the deficiency. A total of 5 blood samples 
was taken from each dog for these studies. The hemoglobin values 
ranged from 9 to 12 mgm. per cent and did not appear to be a function of 
the degree of riboflavin deficiency. Values for blood urea nitrogen, uric 
acid and non-protein nitrogen remained within the normal range for the 
dog. Very low blood glucose values (between 20-30 mgm. per cent) were 
found in many cases when the dogs were in the acute stages of the defi- 
ciency. However, these results were not consistent and their correlation 
with the degree of riboflavin deficiency remains questionable. 

Discussion. It is apparent that in our experiments the rate of growth 
was not a satisfactory indication of the riboflavin requirement of the 
growing dog. A somewhat better indication was given by the time required 
for the production of acute riboflavin deficiency symptoms after the 
removal of riboflavin from the diet. Thus, 2 dogs receiving 100 micro- 
grams of riboflavin per 100 grams of ration began to lose weight imme- 
diately after the elimination of the daily riboflavin supplement. One of 
the dogs died within 2 weeks, while the other was brought to a stage of 
collapse within 2 weeks and was resuscitated by the administration of 
riboflavin. Dog VI, receiving 200 micrograms of riboflavin per 100 grams 
of ration, maintained weight for 3 weeks following the elimination of the 
daily riboflavin supplement and although losing weight was in good out- 
ward condition 2 weeks later. The data indicate that storage of riboflavin 


5 We are indebted to Mr. Richard L. Potter for assistance in these studies. 
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is minimal at 100 micrograms per 100 grams of ration and that a large 


storage is attained at a level of 200 micrograms per 100 grams.  Howev 


one dog receiving 200 micrograms per 100 grams of ration succumbed atte: 
7 weeks on experiment. We may then conclude that 200 micrograms pet 
100 grams is a minimal level and that 400 micrograms of riboflavin pet 


rABLE 1 
The daily urinary ribofla in excretion and the on of 


riboflavin-deficient dogs 


DAILY URINARY SATURATION’ TESTS 
RIBOFLAVIN 
EXCRETION 

PER KILOGRAM 

OF BODY 
WEIGHT* 


Dose of ribo- 
flavin, per 

kilogram of 

body weight 


Mode of administratior 


micrograms micrograms 
1.0 150 Oral 
300 Subcutaneous Injection 
300 Subcutaneous injection 


300 Subcutaneous injection 


Oral 
Oralt 
$00 Oral 


100 Oral 
300 Subcutaneous 
300 Subcutaneous 


300 Subcutaneous 


300 Ora 
300 Subcutaneous 
300 Ora 
300 Oral 
300 Ora 


Normal (a 300 Subcutaneous 
(b 300 Ora 


* These values represent the average daily riboflavin excretion 
5-10 days 

+t The riboflavin was furnished by a natural concentrate 
synthetic riboflavin was employed 
100 grams of ration furnished an adequate amount of riboflavin for the 
growing dog. On the basis of body weight, this level would be equivalent 
to 100 to 200 micrograms of riboflavin per kilogram of body weight 
These values are higher than those quoted by Street and Cowgill for adult 


dogs receiving a restricted calorie intake (6 
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Phe daily urinary excretion of riboflavin is markedly reduced in dogs 
suffering from a riboflavin deficiency as compared to that of normal dogs. 
‘These findings are in agreement with those of Fraser et al. (7) and lend 
support to their conclusion that the nutritional status of animals respect- 
ing riboflavin can be followed by the determination of this substance in 
the urine. Similar results in the human have been reported by a numbei 
of investigators (4, 8, 9, 10, 11). The results of the ‘‘saturation’’ tests 
indicate that the retention of the test dose of riboflavin is considerably 
greater in the riboflavin-deficient dogs than in the normal dogs. Such 
tests may, therefore, be safely applied as a measure of the degree of satura- 
tion of the tissues with riboflavin. It is interesting to note that Axelrod 
and ¢o-workers (8) could find no such correlation between the daily urinary 
excretion of riboflavin and the degree of retention of administered riboflavin 
in human subjects with multiple vitamin deficiencies. Since the dogs 
employed in the present study were suffering from an uncomplicated 
riboflavin deficiency, it is apparent that coexisting vitamin deficiencies 
may play an important rédle in determining the degree of retention of 
riboflavin. 


CONCLUSIONS 


1. In a study of the riboflavin requirement of the growing dog it was 
found that 200 micrograms of riboflavin per 100 grams of ration was a 
minimal level, while 400 micrograms of riboflavin per 100 grams of ration 
satisfied the requirement of the growing dog for riboflavin. 

2. Blood urea nitrogen, non-protein nitrogen, uric acid and hemoglobin 
were not affected in a riboflavin deficiency. Low blood glucose values 
were occasionally found. 

3. A decrease of 27 per cent in the blood riboflavin values was found in 
acute stages of riboflavin deficiency. 

4. The average, daily urinary excretion of riboflavin was markedly 
reduced in dogs with riboflavin deficiency. Concomitantly, the ability 
of the deficient dogs to retain a given test dose of riboflavin was greatly 
increased. “Saturation” tests may, therefore, be employed in the assess- 


ment of the degree of riboflavin deficiency in the dog. 
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THE RATE OF EXCRETION OF HEPARIN IN THE URINE 
FOLLOWING ITS INTRAVENOUS INJECTION IN 
THE ANESTHETIZED DOG 


ALFRED L. COPLEY! anno J. G. SCHNEDORF 


From the Hixon Laboratory for Medical Research, University of Kansas School o 
Vedicine, Kansas City, Kansas 


\ecepted for publication April 14, 1941 


It has been repeatedly observed (1, 2,3) that the coagulation time of the 
blood returns to normal within a few hours after the single intravenous 
injection of heparin. The brief duration of this anticoagulant action 
suggests that the injected heparin may be inactivated, metabolized and 
exereted by the body. There has been some controversy in the literature 
as to whether heparin is excreted in the urine following its intravenous 
injection. Howell and MacDonald (4) and Wilander (5) reported that 
heparin is excreted by the kidney. Jaques (3), on the contrary, recently 
reported that heparin does not appear in the urine. One of us (6) has ob- 
tained a positive qualitative test for heparin on the urine of mice following 
the subcutaneous injection of heparin, and on the urine of dogs following 
the intravenous injection of heparin. 


This work was done to determine the rate and total amount of heparin 


excreted in the urine of dogs following its intravenous injection. 
Mernop. Five fasted dogs under sodium pentobarbital anesthesia 
(30 mgm. per kilogram of body weight) were used in these experiments. 
Both ureters were cannulated and the urine was collected at 10 minute 
intervals over a period of about 2 hours. A mild diuresis was maintained 
by the slow intravenous drip administration of about 250 ec. of physiologi- 
cal sodium chloride solution over a period of 2 hours. Each dog received 
an intravenous injection of 200 units ef heparin per kilogram of body 
weight. The. heparin (110 units per milligram) was obtained from the 
Connaught Laboratories of the University of Toronto. Quantitative 
determinations of the heparin excreted in each of the 10 minute samples 
of urine were done by the toluidine blue method. One-half cubic centi- 
meter of toluidine blue in distilled water (1:5000) is added to 0.5 ce. of 
the filtrate of urine diluted with an equal volume of physiological saline. 
If heparin is present a purple color results. A precipitate forms gradually, 


Aided by a grant from the Dazian Foundation for Medical Research 
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and after 30 minutes the purple color is compared with a series of standard 
solutions containing from 1 to 6 units of heparin in the same amount of 


normal urine. If the sample of urine contains more than 6 units of heparin 


per 0.25 cc. it is necessary to dilute it again so that the purple color will 
fall within the range of the control solutions. According to Lison (7) the 
purple color obtained with toluidine blue is specific only for sulfuric acid 
esters of high molecular weight. Jorpes and Bergstroem (8) considered 
heparin to be a mucoitin polvsulfuric ester and Jorpes (9) tested this 
metachromatic reaction with toluidine blue on heparin solutions. He 
found (10) that the color with heparin is about one hundred times more 
intense than it is with chondroitin sulfuric acid. We have confirmed his 
observations and moreover we have found that the reaction with the 
heparin of the Connaught Laboratories (110 units per milligram) was about 
1100 times more intense than with chondroitin (Wilson & Co.) (6 

A qualitative test for the presence of heparin in the urine samples was 
also done on each dog by the addition of normal dog’s blood to urine, 
diluted with an equal volume of physiological saline, and the coagulation 
time determined by the Howell method. Five cubic centimeters of blood 
were added to 0.6 ce. of diluted urine of dogs 1, 2 and 3, and 2.0 ec. of 
blood added to 0.5 ce. of diluted urine of dogs 4 and 5. This was com- 
pared to the coagulation time of control samples of blood to which an 
equal volume of diluted normal urine of the corresponding dog had been 
added. 

The coagulation time was done upon the blood of dog 5 before the in- 
jection of heparin and at 20 minute intervals thereafter. 

Resutts. Our results show (tables 1 and 2) that heparin is excreted in 
the urine following its intravenous injection in doses of 200 units per kilo- 
gram of body weight. This was evidenced by the purple metachromatic 
color change and by the prolongation of the coagulation time of normal 
blood to which urine of the heparinized dog was added. In each case the 
first 5 minute sample of urine collected after the injection was found not to 
contain heparin. Heparin, however, did appear in the 10 minute sample 
of urine in 3 of the 5 dogs. It is very likely that the heparin was excreted 
very shortly after its injection but because our ureteral catheters had a 
volume of about 5 ec. we did not detect its presence earlier than the 10 
minute sample. Quantitative determinations on each sample of urine 
(table 1) show that the greatest amount of heparin was excreted in the 
urine between 20 and 50 minutes after its intravenous injection. After 
90 minutes the amount of heparin excreted was greatly decreased. It was 
still present after 160 minutes in the urine of dog 5 and after 227 minutes 
in the urine of dog 3. Table 2 shows that from 9.9 to 35.6 per cent of 
the injected heparin was excreted in the urine of five dogs within 110 min- 
utes after the injection. 
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Discussion. Our results show that the injected heparin was excreted 
in the urine and that its most rapid elimination occurred within one hou 


following the injection. From 9.9 to 35.6 per cent of the injected heparin 


was excreted in the urine within 110 minutes. The data of Wilander show 


TABLE 1 


The rate of excretion of he parin in the urine follo ving its intravenous injection (200 unils 


per kgm din the dog under sodium pe ntobarbital anesthesia 
TIME IN MINUTES 
50 90 100 110 


Urine, ce 1.6 ( 014.0'10.0)12.5 
Heparin, units 


Urine, ec. 
Heparin, units 


Urine, ce. 
Heparin, units 


Urine, ce 
Heparin, units 


Urine, ee 
Heparin, units 3 5 53 18 55 [3% {8 
Coag. t.* 100 SO 50 3: 20 


* Normal coagulation time before the injection of heparin was 5.5 minutes. 


TABLE 2 
The total amount of heparin excreted in the urine following its intravenous injection tr 


the anesthetized dog 


)AGUL 
HEPARIN BLOOD OAG L ATION TIME 
WITH URINE OF DOG 
TOTAL VOLUME | 


OF URINE 
Per cent 


Injected Recovered excreted in | Norma Heparinized 
urine 


unis units minutes 
255 23 
169 10 

1,496 35.6 2.6 23 
444 22.4 56 


that from 6 to 40 per cent of the injected heparin was excreted in the urine 
of narcotized rabbits within 2 hours. Jaques concluded that heparin 
was not excreted in the urine of the dog because he did not find any sig- 
nificant increase in the coagulation time of normal blood with extracts of 


1.6, 1.4) 1.6) 4.2) 2.6; 2.6) 3.2) 2.2) 2.4 8.0 
6 11 16 67 21 10 13 (29 64 
3.41 1:81 1:6) 1.8 2.1) 2.8 3.3) 1.6 2.4 
| 19 | 22 | 16 | 18 | 17 | 17 {18 113 29 
7.6] 13.6) 15.4) 16.1] 15.9) 12.1 9.1) 7.81 5.3 10 
243 (272 127 | 97 | 73 | 6.021 10 
0} 1.4 
5 1] 
3 
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laily samples of urine of a dog which 


he parin. It is possible, howev« - lat a greater portior 


juantity of heparin excreted in such a large volume of urin 
heen lost in the process of concentration, precipitation and 
might also be possible that the heparin excreted in the 
its intravenous injection is altered slightly so that it is not 
uit by the usual methods but at the same time it can prolong 
tion time of blood and also give a positive purple color wit! 
From a chemical analysis of heparin recovered from the 
rabbits, Wilander suggests that heparin is not significantly 
process of excretion. He found, however, that the recoy 
less effective biologically than the original heparin. 

Our results verify those of Wilander and of Howell and Mae Donald 
that he parin is excreted bv the kidney. The early excretion of the inj 
he parin is associated with the rate of disappearance of the anticoag 


action of heparin upon the circulating blood 


CONCLUSIONS 


1. Heparin is excreted in the urine of dogs anesthetized with sodium 
pentobarbital following the intravenous injection of heparin in doses of 
200 units per kilogram of body weight. 

2. The presence of heparin in the urine was indicated by the 
chromatic reaction with toluidine blue and a prolonged coagulation time 
by the addition of normal blood to the urine. 

3. The amount of heparin excreted by the kidneys was determined by 
the toluidine blue method. 

!. The excretion of heparin reached its highest level within 
minutes after its injection. 

5. A total of 9.9 to 35.6 per cent of the injected heparin 
in the urine within 110 minutes. 

6. The disappearance of heparin from the urine is associated 
return toward normal of the coagulation time of the blood 
heparinized dog. 
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A wealth of evidence has been accumulated to show the important part 
plaved by the liver in fat metabolism, and no recent reviewer has failed to 
emphasize the predominant réle played by this organ. It is known that 
processes of phosphorylation and desaturation which fatty acids may 
undergo prior to utilization take place largely in the liver (1, 2, 3), and 
it is reasonable to assume that the demonstrated saturation, elongation 


and conversion (4,5) may also take place there. That thiamin and perhaps 


other vitamins are necessary for the conversion of carbohydrates to fatty 
acids has been shown, and this process probably occurs in the liver (6 

Frazer (7) has suggested that certain types of liver damage interfere with 
changes in the molecular structure of the fatty acids normally brought 
about in this organ and therefore lead to an accumulation of unchanged 
fatty acids and to fatty livers. This explanation may account for the 
decreased plasma level and iodine number of fatty acids after carbon tetra 
chloride poisoning (8). We are reporting here certain studies that 
antedated and stimulated the investigations on carbon tetrachloride 
poisoning in rats (2); it is significant that similar effects on blood fatty 
acids are produced by dissimilar methods of depressing liver function. 

Meruops. The total fatty acid and cholesterol content of fasting serum 
was determined on a series of Eck fistula animals, using the analytical 
methods described by Bloor (9, 10). It was noted at once that there was 
a striking correlation between the clinical state of these animals and the 
serum lipid level. To establish this observation single determinations 
were made on a series of fasting Eck fistula dogs over a period of a year, 
correlating the nutritional state with the serum fatty acid and cholesterol 
values. 

As a further means of following the effect of a diminution of liver func- 
tion on fat metabolism, a series was compiled in which the fat tolerance 
curves of normal and Eck fistula dogs were computed according to the 
method of Rony and Ching (11). After fasting for a period ranging from 
18 hours to 3 days a control blood sample was drawn. Linseed oil, in 
doses of 4 and 10 ml. per kilo, was then given by stomach tube and blood 
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samples were drawn at 1, 3, and 6 hours after the fat meal. The total 
serum fatty acids were determined by the method of Man and Gilde 
12), the results being expressed in milligrams per 100 ml. of serum. 

Fecal fat was determined for 24 hour periods in a group of Eck fistulas 
and normal dogs by means of the method described by Saxon (13 

Resuurs. ‘Table 1 shows clearly the correspondence of the blood lipid 
level with the general condition of the Eck fistula dog. When the animals 
were in good condition, as immediately after the operation, the fatty acid 
and cholesterol values approached the normal range. As the animals 
lost weight the level of the lipid fell, and when the body weight had reached 
its lowest levels the serum lipid levels were found to be roughly half those 
of normal animals. The weight loss was judged to be due chiefly to loss 


of body fat. For comparison, an average of the total serum fatty acids 


and cholesterol of 9 normal dogs determined at the time and by the same 
methods is included in table 1. 

Table 2 shows that not only did the serum lipid values fall corresponding 
to the development of liver insufficiency, but the ability of the animals to 
respond to a fat meal with a rise in blood fat was also impaired. — Increasing 
the amount of fat ingested did not improve this deficiency. Further, we 
were able in two animals to test the alimentary lipemia during the develop- 
ment of liver insufficiency after the establishment of the Eck fistula. Table 
3 shows that there is a stage after the initial fall in fasting serum fatty 
acids when the animal can respond with a normal rise in blood fat to a fat 
meal. This ability was lost in the 2 dogs so studied some time bet ween th 
third and sixth weeks after operation. 

Since Whipple and Hooper (14) have shown that in Eck fistula dogs the 
output of bile acids is decreased to one-third or one-fourth the norma! value, 
and since bile acids are generally believed necessary for fat absorption, the 
possibility of a deficiency in these substances being responsible for the 
failure of a rise in the fat tolerance curve was tested. In 4 trials the bile 
acids in the amount of 0.6 gram per kilo were suspended in the fat when it 
was given, but no lipemia resulted (table 2). As a further test of absorp- 
tion the fecal fat of Eck fistula dogs was determined for 24 hour periods 
before and after the fat meal. Table 4 shows that no greater increase of 
fecal fat occurred following the administration of fat to Eck fistula dogs 
than was observed in normal animals. 

Discussion. The usual post-operative course of the Eck fistula dog is 
characterized by a loss of weight commonly amounting to one-third of the 
original body weight, a normal or increased appetite, periods of “‘intoxica- 
tion” appearing spontaneously or after the ingestion of large quantities 
of meat, an increased urinary output and water consumption (15), and 
death within about two vears. In the experience of one of us (L.A. C., Jr. 
who has prepared upwards of 80 such animals, a few dogs may remain 


mal dogs 


TABLE 1 
/ ila ad qs asting se aml 
SERUM LIPIDS 
ATION WEIGHT NDITI N 
Potal fatty I 
vcids choleste 
10/ 1/82 10, 9°33 15.0 Ciood 205 75 
10/21/33 15.4 (ood 0) 170 
10/25 33 15.0 Ciood 913 
11/18/33 15.0 Good 285 243 
12/19/33 13.5 Pair 222 163 
1/28/34 Fair 240 1] 
1/34 Fair 245 102 
3/18 34 12.0 Poor 104 133 
I; 2 6/20/33 6/29/33 20.0 ait 215 102 
12/14/33 20.2 ait 257 S7 
1/ 2/34 18.5 Fair 203 130 
1/16/34 Poor 194 104 
1/23/35 17.5 Fait 203 SO 
3/ 1/35 16.5 Poor 194 4 
3/21/35 15.5 Poor 185 
E 3 6/21/33 9 19°33 15.0 Fair 231 125 
10/ 2/33 14.0 Poor 179 4 
12/14/33 13.5 Poor 222 87 
12/20 33 11.5 Poor 175 100 
1/12/34 10.0 Poor 157 83 
1/26/34 12.9 Fait 240 90) 
2/ Fait 268 LOO 
3/ 1/34 12.3 Fair 240 112 
4 8/10/33 9/10/33 6.0 Fair 225 LOS 
11/18/33 5.5 Fair 194 10S 
12/ 2/33 5.5 Fair 203 130 
12/12/33 5.4 Fair 222 103 
2/11/34 6.5 Fair 200 102 
E 5 11/27/33 12/ 4/33 17.5 Good 277 197 
12/ 9/33 15.0 Fair 231 SO 
2/ 4/35 14.5 Pair 249 121 
2/11/35 14.0 Fair 222 125 
kK 6 11/28/33 12/ 4/33 18.0 Good 333 144 
12/ 9/33 17.0 Fair 240 12S 
12/14/34 15.5 Poor 222 S3 
11/31/33 12/ 9/33 14.5 (rood 243 114 
12/14/33 14.0 Fain 212 
1/28 /3A4 13.4 Fait 203 113 
3/ 1/34 11.4 Fair 249 130 
\verage of n Excellent 383 211 
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rABLE 3 
Loss of alimentary hype pemia after establishment of Eck fistula 
FAT TOLERANCE CURVES; TOTAL FATTY ACI 
MGM, PER CENT 
DATE NUTRITIONAL 
I G DATE 
OPERATED N DITION Hours after fat meal 
0 l 6 
10/22/34 10, 18, 34 I:xcellent 336 10] 
11/13/34 Good 183 
12/ 1/34 Fair 170 167 175 72 
12/ 8/34 ba 167 17S 175 172 
E 2 11,16, 34 11,10 34 Eexeellen 152 10) 50 570 
11/30, 34 Good 109 286 
l/ 6/35 Fai 213 210 213 213 
FABLE 4 
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K FIs LA 4 
Dog Fasting Dog \ 
11.9 0) ».0 


rABLE 2 
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eed Hours afte ed 
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outwardly normal and others may lose weight with great rapidity and d 


iit 


within a few months, but the above statements describe the usual sequenc 


ol events 

If the animal is sacrificed or succumbs spontaneously after marked weight 
loss has occurred, autopsy reveals the decrease in liver size that has been 
frequently reported, and also a striking loss of fat from the depots that 
appears to be more marked than might be expected as a result of simpl 
inanition. Subcutaneous, omental, perirenal and other fat deposits dis- 
appear. “Phe skin becomes loose and its loss of turgor gives one the im- 
pression that the animal is dehydrated, although Crandall and Anderson 
(16) have shown that dehydration is not present. The change in skin 
turgor can only be attributed to loss of subcutaneous fat. Quite similay 
changes may be observed in patients with liver disease, especially cirrhosis, 
in some of whom the loss of fat is striking while in others it does not seem 
to occur; this may well depend on the extent to which liver function is 
suppressed by the disease. As in the Eck fistula dog, loss of fat in the cir- 
rhotic patient may occur while the food consumption is normal or above 

The loss of body fat that occurs in the presence of a normal caloric intake 
and without increased fat loss in the feces must be attributed to a decreased 
formation of fat by the body. The low blood levels demonstrated in ou 
experiments support this view. The fact that an evidently decreased rate 
of fat formation and low blood fat level occur after liver function has been 
diminished by short circuiting the portal blood around the liver supports 
the view that new fat formation from non-fat precursors (liponeogenesis 
may be exclusively or primarily a function of the liver. It can not be 
regarded as conclusive evidence for hepatic liponeogenesis since it is pos- 
sible that suppression of liver function might depress fat formation by 
other tissues. 

The failure of the Eck fistula dog to exhibit a lipemia within 6 hours afte: 
a fat meal ean not, in view of our data on fecal fat loss, be attributed to 
failure of absorption. Two possibilities remain. It may be that when the 
fat depots are exhausted and the blood fat level low, fats are removed from 
the blood as rapidly as they are absorbed. It is equally possible that the 
decreased bile salt secretion of the Eck fistula dog does not permit fat ab- 
sorption at a rate that will increase the blood fat level, but is sufficient for 
complete absorption at a slower than normal rate. 


SUMMARY 


1. The fasting serum total fatty acids and cholesterol of the Eck fistula 
dog are consistently lower than those of the normal dog. 

2. There is a definite correlation between the functional state of the 
liver (as evidenced by the weight and nutritional condition of the Eck 
fistula animal) and the level of the serum total fatty acids and cholesterol. 
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3. The Eck fistula dog does not manifest the normal li 
when given twice the amount of fat that effectivels 


fatty acids of normal dogs. 


!. The failure to produce an alimentary hyperlipemia in the Eck f 


animal is not due to inability of the animal to absorb fat as det 


by fecal fat loss. 
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femporary asphyxiation of the caudal part of the spinal cord often 
results in high extensor tone in the hind legs (van Harreveld and Marmont 
1939). It was observed, when these animals were sacrificed about two 
weeks after the initial asphyxiation, that the high extensor tone survived 
the disappearance of the reflexes in the anterior part of the body for a con- 
~iderable time The extensor tone, which has been shown to be a reflex 
tone, diminished slowly > but on several occasions still was present 10 min 
after stopping the circulation. In one cat foot clonus was observed during 
that time. Since a slowly diminishing tone is not a sharp indicator ot 
reflex activity, the action potentials led off from an anterior root, and 
elicited by stimulation of the corresponding posterior Toot, were used in an 
investigation of the survival time during asphyxiation of the cord. 

Merrxop. In cats, nareotized with ether, the dura was ligated at 
12.13, severing the spinal cord at that region. One or two days late: 


the isolated part of the spinal cord was asphyxiated for 25 to 35 min., by 


foreing Ringer’s solution, heated to body temperature, inte the ligated 


part of the dural cavity under a pressure higher than the blood pressure 
van Harreveld and Marmont, 1939). 


From 2 days to 4 weeks later the anterior and posterior roots of one ot 
the spinal nerves (usually S 2) were prepared and placed on silver-silver 
chloride electrodes. Cord and roots were covered with mineral oil to 
prevent dry ing. The animal was then decerebrated and placed in a shield- 
ing metal box which was kept at body temperature. The ether narcosis 
given during these operations was then discontinued. The action po- 
tentials in the anterior root were recorded with a cathode ray oscillograph 
svnchronized with a thyvratron stimulator producing double shocks with a 
variable interval. In part of the experiments a set-up was used with 
which single sweeps were recorded at 5 sec. intervals during the survival 
of reflex activity.) In other experiments another set-up was used with 

Dr. R. Lorente de N6 brought this instrument to the California Institute ot 
Fechnology during his visit in 1940, and was kind enough to allow me to use it during 


his stay 
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which the posterior root was stimulated at intervals of 10 to 
30 double shocks per second for a short period 

Two ways of stopping the oxvgen supply of the spinal cord were em 
ploved. In most experiments this was brought about by cutting the 
abdominal aorta. ‘This stops the circulation almost immediately, reducing 
the blood pressure tO Zero, In som experime nts the animal was subjected 
to artificial respiration with nitrogen. 

The period of survival. The survival time is the interval between cutting 
the abdominal aorta or feeding nitrogen into the apparatus for artificial 
respiration and the moment at which, with maximal amplification of thi 
oscillograph, the last action potential is seen. 


TABLE 1 
Survival of re fle raction pote ntials of spinal animals 
PERIOD AFTER SEVERING OF THE SPINAL CORD 


2 days 2-3 week 2 days 


After transection of the aorta After breathing N 2 


Num- 


ber 


Num- 


ber 


Num- 


Survival 
ber 


Survival Survival 


min. 50 see. 7 3 min. 40 sec 11 3 min. 20 see 
min. 25 sec. 2 min. 25 sec. 12 3 min. 20 see 


9 


min. 45 sec. min. 35 sec. 13 3 min. 


min. 15 sec 


min. 55s 


2 
4 
2 min. 50 sec. 3 min. 40 sec. 14 min. 15 se 
3 
2 


The asterisks given to some of these experiments indicate that the preparation 
has been examined with double shocks at long intervals; in the other experiments 
repeated double shocks (30/sec.) have been used 


Survival period in control animals. Table 1 shows the survival periods 
in spinal control animals. In one group of cats the survival time after 
transection of the aorta was determined 2 days after severing the cord; in 
a second group the survival period was determined after 2 to 3 weeks. In 
a third group anoxia was caused by administering nitrogen. The survival 
time in the first group is perhaps a little shorter than in the other groups 
However, neither the manner of producing asphyxia nor the period afte 
the transection of the spinal cord had a significant influence on the survival 
time. The average survival period was 3 min. 22 sec., the range being 
from 2 min. 25 sec. to 4 min. 35 sec. 

Survwal period in cats asphyxiated 2 to 4 weeks hefore , for 35 min. Cats 
were subjected to 35 min. of spinal asphyxia and 2 to 4 weeks later they 
were again asphyxiated. The survival times of the action potentials dur- 
ing this second asphyxia and other data are shown in table 2. All these 
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animals showed some extensor tone in the hind legs and in the tail: some- 
times this tone was high. With one exception the flexion reflex was absent 


Reflexes elicited by pinching the tail were absent or weak. The period ot 


survival in these animals after cutting the aorta was considerably longe) 


TABLE 2 
Survival of refle xr action pole ntials in cats in which the spi nal cord had been asphyxiate d 
before 
PERIOD | PERIOD | EXTENSOR) FLEXION 


NUMBER | OF AS OF RE- PERIOD OF 8U! | DAMAGE 
PHYXIA COVERY TONE REFLEX | 


After cutting of abdominal «sorta 


S min. 
S min. ¢ 
min. 
min. 
min. 
min. 
min. 
min. 
min. 
min. 
min. < 
min. 
min. 
min. ‘ 
min. 
min. : 


nitrogen 


14 min. 

16 - 17 min. 
15 13 min. 
35 13 t 14 min. ‘ 
35 17 (+) 14 min. 


The signs in the columns under ‘‘extensor tone, flexion reflex and tail reflex’’ have 
the following meaning. When these reflexes were absent, this was indicated with 
when they were moderately strong, with +, and when they were pronounced, with 

-+. The signs in the column under ‘‘damage’’ have been explained in the text. 
The asterisks given to some of these experiments have the same meaning as in table | 


than in the spinal control cats. The average survival time was 11 min. 
2 sec., the range being from 8 min. 10 sec. to 13 min. 40 sec. 

In the five cats of this group in which anoxia was produced by feeding 
nitrogen into the apparatus for artificial respiration a longer survival time 
was found than in similar animals after severing the aorta. The average 


min. days 
15° 35 16 (-4-) ) sec. + 
16* 35 27 t + t ) see + 
35 14 + ) sec ++ 
18* 35 14 (+) ) see ++ 
35 17 + + (+ ] sec ++ 
20* 35 12 + -+ l ) sec -+ 
35 14 + (+) ) sec 
22 35 13 + + (+ ) ] rT 
23 35 13 + -+ l > see 1. 4. 4 
24 35 28 + (+ » see + 
25 35 27 ) sec 
26* 30 16 (+) sec 
27* 30 12 ++ » sec. + + 
28”* 30 14 (+) + + (+-) ) sec. + 
29 25 15 + + (+) sec +--+ 
30 25 16 (+) +--+ 4. ) sec + 
After breathing 
31 LS see. 
32 tS sec. 
33 BO sec. ++ 
34 20) sec. + +--+ 
35 30 sec. rTt 
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survival period of these five cats was | 
maximum 13 min. 30 sec. and 17 min. 45 sce 
Survival period in cats asphyxiated for 25 
Survival time and other data of cats asphyxiated 
asphyxiated again 2 weeks later are also given 
often showed a high flexion reflex and in on 
survival period was considerably shortes 


above. In the cats showing a high flexion 


only a little longer than in the controls 


Su al period in cats asphyxiated 2 to ¢ 
series of LO experiments the development. ot 
after 35 min. of asphyvsintion was examined 
was determined 2 days after the initial aspha N1ation 
considerably shorter than in the control animals 
15 sec., | min, 50 see. and 4 min. 25 se In three 
davs after the initial asphyxiation the survival period was longer 
20 see... 3. min. 50 sec., and 4 min. OO sec In three cats allowed te 
for 6 days the period of survival was definitely longer than in the 
6 min. 40 see., 7 min. 35 see. and S min. 5 sec Phis, howeve 
considerably shorter than after a recovery period ot 2 weeks 
creased survival time observed after a recovery pe riod of two we 
develops gradually during that period, It seems that after the 
weeks no further increase of the survival time occurs; in three cats (table 
2; 16, 24 and 25) which were examined 4 weeks after the initial asphyxiation 
no unusually long survival periods of the reflex action currents were 
observed. 

The reflex action potentials. In all the experiments the posterior root 
was stimulated with double shocks. The first or conditioning shock was 
usually smaller than the second or test shoek, which was about maximal 
The interval between the two was chosen to produce maximal facilitation 
(usually 2 to 5 msec.). 

Action pote niials in control spinal animals The results obtained in 
these animals were materially the same as recently described by Renshaw 
(1940). The response to a conditioning or test shock was usually small, 
and of long duration, showing several spikes (fig. 1, A, B If preceded 
by a conditioning shock the response to the test shock always showed dis- 
tinct facilitation (fig. 1,C). The reflex time of the facilitated response was 
markedly shorter than of that caused by the conditioning or test shock alone, 
ranging in the various experiments from 1.1 to 1.3 msec. The leading off 
and stimulating electrodes were usually about 2.5 em. away from the spinal 
cord, It will take 0.5 to 0.6 msec. for the stimulus to travel this distances 
assuming that the reflex eliciting sensory fibers have the high conduction 
velocity of SO M /sec. (Renshaw, 1940), and that the efferent fibers conduct 


or 25 or 3O mu { 
ible 2. These at 


JVVVVVVVVV VV 


Fig. 1. A-H are reflex action potentials of a cat made spinal 2 days previously 
no. bof table 1 \ represents the response to the conditioning; B to the test shoek 


and C to both stimuli with an interval of 7.2 msee. D, k and F show the response to 


the same stimuli 1 min. 20 see. after severing the abdominal aorta; G and H after 


2 min. 35sec. The last reflex response was seen after 2 min. 55sec. The calibration 


is 0.5 mv. in A-F and 0.25 mv. in G and H. Time ec. The reflex times from A 


1000 
until H are: 1.8, 1.3, 1.8 and 1.1, 1.8, 1.5, 1.8 and 1.3, 2.0, 2.0 and 1.9 msee. A marked 
increase of the monosynaptic spike following the conditioning shock can be seen | 
min. 20 sec. aftersevering the aorta (A and D The facilitated responses to the test 
shock in C and F run off the sereen 

J-M are reflex action potentials of a eat in which the spinal cord had been 
asphyxiated for 35 min. 14 days previously (no. 17 of table 2 J is the response 
to the test shock, K shows the responses to the conditioning and to the facilitated 
test shock I, and M represent similar responses 2 min. 45 sec after severing the 
aorta The stimulus interval is 4.3 msec. Calibration is 0.5 mv., time 

LOOO 

Che reflex times are from J to M: 1.9, 2.0 and 1.6, 1.7, 1.7 and 1.6 msee. The reflex 
responses 2 min. 45 sec. after severing the aorta are materially increased teflex 


activity was observed until 13 min. 30 see. after transection of the aorta 
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at 100 M sec This subtracted trom thi 

time of 0.5 to O.S msec Lorente de No 

0.5 to 0.9 msec. for the motoneurons of the oculomotor 1 
1940) found a similar value for the svnaptic delay ot 
neuron. Thus we will have to consider the first spike of 1 
action potential as oa monosvnaptic response It is 
response which increases greatly by facilitation 

About 40 to 50 sec. after transection of the abdominal aorta the mono 
synaptic spike usually begins to grow considerably In most cases the 
other spikes of the action potentials became less prominent as the mono- 
synaptic spike grew, leading to a simplification of the action potential 
fig. 1, D, BE, FB). In other experiments the action potentials remained 
complex until the end. After reaching a maximum the responses decreased 
gradually. Facilitation was observed until the end of all activity; when 
the test shock alone had failed to produce any response a distinct action 
potential could still be obtained when it was preceded by a conditioning 
stimulus. During the course of asphyxia the reflex time increased gradu- 
ally to 2.5 to 3 msec. 

Action pote ntrals of cats asphyxiated 2? to 4 weeks before for 85 min The 
action potentials of these preparations are usually less complicated than 
those of the controls, consisting mainly of one large spike (fig. 1, J, WK 
In some preparations, however, more complicated responses have been ob- 
served. The conditioning shock had, as in the controls, a facilitating effect 
(fig. 1, IX). The reduced reflex times of facilitated responses were a little 
longer than in the controls, ranging in most preparations from 0.7 to 1.2 
msec. Nevertheless, it seems likely that in these cases the first spike also 
represents a monosynaptic response. 

Thirty to 45 sec. after cutting the aorta the monosvnaptic spike increased 
markedly in most of these preparations (fig. 1, L, 0). In a few instances 
this increase was absent. After reaching a maximum the action potentials 
declined very slowly. The survival of these potentials was much longer 
than that found for the controls (table 2). A gradual increase of the 
reflex time during asphyxiation was observed. As in the controls a pro- 
nounced facilitating effect of the conditioning shock was present until the 
end. In preparations stimulated with 30 double shocks per sec. another 
much slower facilitation was observed shortly before reflex activity stopped 
altogether. The first few shocks did not cause any response, then a slowly 


growing response became visible, reaching its maximum after about 1 see 


These two types of facilitation are perhaps comparable with the two types 
mentioned by Gasser (1938). Preparations examined with 30 double 


shocks per second still give action potentials (after facilitation) at a time 
when a single double shock no longer causes a response. “Thus the prepara- 


tions stimulated in the former wav must have a somewhat longer survival 
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time. ‘The preparations stimulated with single double shocks have been 
marked with an asterisk in tables | and 2. 

Histol cal changes in the cord lite) determining the survival period 
the segment of the cord used in the experiment (usually S 2, sometimes S | 
Was isolated and fixed in 95 per cent alcohol. ‘The preparation was im 
bedded in paraftin, sectioned and stained with toluidine blue, 

Preparations of controls showed at this level 15 to 30 large motor cells 
per section The rest of the cells in the anterior horn and in the PrTAaAvV COM 
missure were mostly medium sized nerve cells. In the posterior horn the 
cells were verv small. 

In cats in which the cord had been asphyxiated for 35 min. 2 to 4 weeks 


before, the following changes have been observed. = 1. A distinet decrease 


4 SY 


In figure 2 three microphotographs of the spinal cord stained with toluidine 


are given A. Of a control eat (no. 13 of table 1, survival time min B. Of ae 


asphyxiated for 35 min. 14 days before (no. 17 of table 2, survival time 13 min 
30 sec Che middle sized ganglion cells in the anterior horn had disappr ired to a 
great extent rT Note the inerease of nuclear material in the anterior horn 
C. The cord had been asphy xinted for 35 min. 13 days before (no. 23 of table 

survival time 13 min. 15 see Few of the middle sized ganglion cells remained in the 
anterior horn (+44 Phe amount of nuclear material is exceptionally increased 


in this preparation 


in the number of motor cells. 2. The medium sized nerve cells in the 
anterior horn and gray commissure had usually decreased even more con- 
siderably. 3. The nerve cells had been replaced by large numbers of small 
cells (phagocytes). There were often so many of these small cells that the 
total amount of cell material in the grav matter was much greater than in 
the normal spinal cord (fig. 2, B,C). The number of cells in the white 
matter also increased, but to a lesser extent. 

The damage as indicated in table 2 was evaluated as follows. If the 
number of medium sized nerve cells present in the anterior horn and in 
the grav Commissure was about normal, this was indicated with the sign 


If there was a noticeable decrease of these cells this was indicated with +, 


bl if 
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if they had disappeared to a great extent 
practically all gone, with +++. As can be 
rough relation between the period Of sury ival of 
of damage to the cord. In all experiments in whic! 
very long the damage was severe. In the cases in 
slight damage to the cord the survival time was not ven 
Discussion. A 35 min. asphyxia of the cord, although causing 
destruction in the cord, does not change the essential features of the 
action potentials. Facilitation by a conditioning stimulus was alway 


present; with a few exceptions the action potentials grew considerably at 
the beginning of a renewed asphyxiation; the reflex times were of the samy 
order of magnitude. The only difference was that the action potentials 
were usually simpler, consisting mainly of one spike. This simple action 
potential is probably always present when a large part of the motoneurons 
discharges in a Monosynaptic response, since a similar simplification of the 
action potentials has been observed in control animals when the mono- 
synaptic response was increased by facilitation (fig. 1, B, C) or in the be- 
ginning of asphyxiation (fig. 1, A, D). The implication that in cats in 
which the spinal cord has been asphyxiated before, a large part of the 
motoneurons responds monosynaptically even without facilitation, agrees 
well with the observed increased reflex activity in these animals (van 
Harreveld and Marmont, 1939). 

The great sensitivity of the central nervous system to asphyxia is well 
known. Sugar and Gerard (1938) reviewed the literature and deter- 
mined the survival time for a number of regions of the brain, mostly using 


the spontaneous electrical phenomena as the indicator of activity. They 


found survival times ranging from 10 to 12 sec. in the cerebellum, to more 
than 2 min. in the tuberculum cuneatum and in the spinal tract of the 
trigeminus in the medulla. Hevmans, Jourdan and Nowak (1934), Hev- 
mans and Bouckaert (1935), and Hevmans, Bouckaert, Jourdan, Nowak 
and Farber (1937) determined the survival times of some reflexes of the 
medulla. The cornea reflex disappeared after 1 min. to 1 min. 30 sec., 
respiration stopped after 1 min. 30 sec. to 2 min. Cardioregulation and 
vasomotor reactions were paralyzed after 4 to 5 min. We found in a large 
number of experiments in which the caudal part of the spinal cord was 
brought under pressure, causing sudden circulatory arrest, that the kneejerk 
had an average survival time of about 45 sec., with a minimum and maxi- 
mum of about 30 and 80 sec. In this paper it has been shown that when 
the reflex action potentials are used as the indicator, the survival time ot 
the spinal cord is much longer (average 3 min. 22 sec.). By using the ac- 
tion potentials the survival time of the reflex most resistant to asphyxia is 
determined. This apparently is not the kneejerk. 

Since a large number of nerve cells is destroved in the asphyxiated 
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cord, the most obvious explanation of the increased survival time would 
be to assume that the oxygen in the blood and in the tissue surrounding the 
nerve cells would suffice for the remaining cells for a longer period thar 
normal. There are many objections to such a point of view. 1. Though 
the number of ganglion cells is decreased, this is compensated and often 


overcompensated by the presence of large numbers of phagocytes in thi 


damaged tissue. Iven if the phagocytes have a lower metabolism than 


the nerve cells, it is inconceivable that the small oxvgen reserve in the 
vessels, Which according to Gerard (1937) can supply the cortex for only 
10 sec., would suffice for more than 13 min. in the previously asphyxiated 
cord. 2. In the previously asphyxiated animals the increase of the action 
potentials during a renewed asphyxia begins at about the same moment 
as in the controls. If the increased survival period were due to a slower 
use of stored OXVgen, the increase of the action potentials could be ex- 
pected to set in later in the treated animals than in the controls. 

a number of experiments anoxia of the cord was caused by ample (3 |./min. 
artificial respiration with nitrogen. The nitrogen removes the oxygen from 
the blood as it passes the lung, and since circulation proceeds for a few 
minutes this thoroughly venous blood will remove any oxygen which might 
be present in the tissues of the spinal cord. Though there was in these 
cases certainly no reserve of oxvgen present in the cord, the survival time 
was even longer than when asphyxia was caused by cutting the aorta 
Chis longer survival time may be explained by the fact that in this way 
earbon dioxide and other substances can be removed Irom the cord as long 
as circulation proceeds. It seems certain that in the previously asphyxi- 
ated spinal cord, synaptic conduction is considerably more resistant to 
oxvgen lack than in the spinal cords of control animals. 

It has been found that peripheral svnapses are not particularly sensitive 
to oxygen lack. Bronk and Larrabee (1937) and Bronk (1939) found that 
about 30 min. after stopping the circulation conduction in the stellate 
ganglion begins to fail, after about 60 min. it stops altogether Bargeton 
(1938) found that 10 to 15 min. after circulatory arrest) transmission 
through the superior cervical ganglion had stopped completely. The sur- 
vival time of the previously asphyxiated cord approaches that of the 
peripheral svnapses. 

If svnaptic conduction is not very sensitive to oxvgen lack the question 
arises why the reflex activity of the normal spinal cord survives asphyxia 
for such a short period of time. We have to assume that there is present 
in the spinal cord a structure highlv sensitive to oxvgen lack which, when 
asphyxiated, ean depress synaptic conduction. This could be accom- 
plished by the release of a chemical substance or by a spontaneous and 
continuous discharge of neurons with an inhibitory function. Since the 


increased survival time develops slowly in about two weeks it is probable 
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it this is connected 

endings of the ner s killec 

with the destruetion of the cell 
hortly after the initial asphyxia (van 
since asphy xiation of the cord causes on the one hand an i 
time and on the other hand the destruction of the str 
for reflex inhibition (van Harreveld, 1939) and of 
pressing the reflex activity of the cord (van Harreveld a 
van Harreveld, 1940) it seems quite possible that the ¢ 


structures is the cause of the increased survival time 


SUMMARY 


1. The survival time of reflex action potentials of the spinal « 


transection of the abdominal aorta was determined in spinal 


fhe average survival time was 3 min. 22 see., ranging from 


2 mi 
to + min. 35 sec 
2. The survival time was determined in the same 
the spinal cord had been asphyxiated for 35 min., : 
The survival times in these animals were much longer 
The average survival time was 11 min. 2 sec., r: 
to 13 min. 40 see. 


3. This increased survive 


| time was 


the initial asphyxiation, but developed g 
The initial asphyxiation destroyed 
in the cord. It was shown that the 
a slower use of oxvgen stored in the vessels and 
the ganglion cells by the few nerve cells left, but 


resistance of svnaptic conduction to asphyxiation 
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Several recent reports (Fisher, Ingram and Ranson, 1938; Rasmusse1 
1040) have dealt with various aspects of the supraoptic hypophysial system 
the hypophysis and their relation to water balance. In this communica 
tion the results of a similar investigation carried out in dogs since 1935 
will be presented. Certain functional studies dealing with alterations in 
water balance following surgical operations on the hypothalamus and the 
hvypophysis of some of the animals of this series have already been pub 
lished (White and Heinbecker, 1937). In addition to the anatomical! 
studies of the hypothalamico-hypophysial system this report deals with 
the following: a, the réle of the anterior lobe in diabetes insipidus; b, the 
mechanism of the so-called normal interphase; c, a correlation between the 


degree of diabetes insipidus and the residuum of nerve cells in the supra- 


optic nuclei; d, evidence that the supraoptic and paraventricular nuclei do 
not secrete pitressin; e, the effect on fluid and food intake of infection in 
the region of the hypothalamus in the absence of pitressin-forming tissuc 

MATERIALS AND METHODS. Dogs were used as experimental animals 
They were kept in metabolism cages with high, solid sides and deeply 
sloping bottoms to insure satisfactory 24 hour urine collections. They 
were fed measured amounts of dog chow and horse meat except when for 
experimental purposes unlimited but measured quantities were allowed 
The dogs were kept for varying periods to establish the normal daily urin« 
output before operation, and then subjected to operative procedures 
designed to determine the effect on water balance of the loss of the different 
parts of the neuro- and adenohypophysis. Anatomical material was thus 
also provided to determine the effect of the loss of the various parts of the 
neurohy pophvsis on the hypothalamic nuclei. 

The following are the operations carried out. The oral approach was 
used almost exclusively: 1, removal of the posterior lobe with or without 
removal of the pars distalis; 2, a low or a high section of the infundibulai 


1 Aided by a grant in-and-of research by the American Medical Association 
2 Aided by a grant in-and-of research by the Commonwealth Fund. 
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stem with or without removal of the poster1ol lobe and pars distalis; 3, 
section of the fibers to the neurohy pophysis with the immediate or subse- 
quent removal of the adenohypophysis, the infaundibular stem th 
infundibular process; 4, removal of the neuro- and adenohypophysis at one 
sitting. We would emphasize that complete removal of pitressin-forming 
tissue must include removal of the median eminence 

While it was not possible on every occasion to carry out with precision 
the particular operation planned, the number of animals utilized (150) was 
great enough so that in the end an adequate number of successfully operated 
animals of each type were available for study 

After operation the animals were again followed for periods varving 
from 10 days to a vear and the effect of each type of operation on water 
exchange determined, Thev were then sacrificed and the nature of the 
lesion in the hypophysis and hypothalamus and the presence or absence ot 
pars distalis in each instance was determined by microscopic examination 
The brains were fixed in situ by irrigation through the carotid artery with 
formalin 1 in 10 after bleeding the animal. Early in the research the 
hypothalamus and sellar contents were prepared for sectioning on one 
block. The treatment with the 5 per cent nitric acid used for decaleifving 
was found to interfere with the subsequent staming of many of the nerve 


cells with cresvl violet. ater the sella was separated from the hypo 


thalamus after fixation. Both parts were then prepared separately and 


examined microscopically in serially cut 20 micron sections. Cresyl violet 
was used to stain the hypothalamic tissue, hematoxylin and eosin for the 
sella turcica and its contents. 

Nomenclature. In order to avoid confusion the system of nomenclature 
recently suggested by Rioch and Wislocki (1940) is employed 


Vajor divisions and subdivisions of the mammalian } 
Major Divisions Nubdivisions 
Adenohypophysis 
Pars distalis (anterior lobe 
Lobus Glandularis 2. Pars tuberalis 
Pars intermedia 
Neurohypophysis 
Neural lobe) Infundibular process 
Infundibulum Infundibular stem Neural stalk, together 
Neural stalk) F Median eminence of with sheath of lobus 
tuber cinereum glandularis, designated 


as hypophysial stalk 


The only nuclei which unquestionably contribute fibers to the neuro- 
hypophysis were found to be the supraoptic and the paraventricular. “The 
supraoptic as shown in figure | is divisible into a tightly packed rostral 
division, a small intermediate medially directed spur and a relatively 
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diffuse caudal division commonly called the tuberal nucleus. Ch 
ventricular nucleus is ventrally situated in its rostral division and courses 
dorsocaudally. The cells of the supraoptic and paraventricular nuclei are 
evtologically similar. They are large, with their Nissl granules peripherally 
located in the cytoplasm. Their nuclei often have an eccentric position 
After treatment with 5 per cent nitric acid for 3 weeks these are the only 
hypothalamic cells which stain at all satisfactorily with 


fig. 1). 


Resuits. To review all of our results in detail is obviously impossible 


It was therefore decided to present the water exchange and anatomical 
findings of one typical example from each of the operative classes outlined 
above. An analysis of the results leads to conclusions which are applicable 
to the entire body of material at our disposal. 

Class 1-a (dog 95). Removal of the posterior lobe and 
“simple hypophysectomy’’). 

This procedure does not result in any permanent alteration in 


Fig. 1. Photomicrographs 150 diameters showing essentially the su 
paraventricular nuclei in two normal dogs, NA and NB, and in eight 
mals the numbers of which are indicated in the upper le ft hand corner of ¢ 
micrograph. The tissue of normal dog NA was treated with 5 per cent nitric acid in 
decalecifying the attached sella turcica. As a consequence, only the supraoptic and 
paraventricular nuclei stained in such sections. NA-4is asection through t 
mammillary nucleus, which is here unstained. SO-R, SO-M,SO-C indicate the r 
tral, intermediate and caudal divisions of the supraoptie nucleus. PV indicates the 
paraventricular nucleus, LM the lateral mammillary nucleus. NB-4 shows a latera 
mammillary nucleus which stains when the tissue is not subjected to 5 per cent nitri 
acid. Sections from dog 81 show a few residual supraoptic cells, which ace 
late decrease in the degree of polyuria. The caudal portion of the paraventricular 
nucleus is practically normal. Sections from dog 95 show a loss of from 60 to SO pr 
cent of the supraoptie cells; note that the intermediate division is definitely present 
The loss of cells in the caudal division is as great as in the rostral division 
a moderate loss of cells from the paraventricular nucleus especially in 
portion. Sections from dog 98 show a cell loss similar to those for 
supraoptic nuclei in dog 56 and dog 94 show about a 90 per cent ki 
section from dog 129 shows normal appearing pars distalis remo 
operation. Sections from dog 84 show practically a complete loss of 
in both the right and left nuclei with considerable loss (estimated 50 per cent 
paraventricular cells, especially on one side. The lateral mammillary nucleus ts 
normal, indicating that its preservation is compatible with a maximum diabetes 


insipidus (ventral aspect of hypothalamus is toward the left in this se 


dog 84, LM). Sections from dog 137 show a complete loss of supraop 


| 
50 per cent loss of paraventricular cells. The section from dog 17 s 
cells in the supraoptie nucleus 19 days after interruption of the fibers fron 
cleus. The section from dog 16, 30 days after such an interruption of 
shows a few remaining degenerated cells. The section from dog 138, 65 da 
interruption of the fibers, shows a complete absence of cell 


to the staining of some tissue detritus 
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exchange (fig. 2). If there is slight injurv to the median eminence 
operation there may be a temporary increase in urine output of 2 to | 
times the normal for 24 to 72 hours. At the end of this time the uri: 
output returns to normal and remains there. If the median eminenc¢ 
not affected at all there is not even a temporary increase in water exchange 
Microscopie examination of the hypothalamus reveals an estimated 7) 


to 80 per cent decrease in the cells of the rostral, median and caudal diy 


« 
z 

-2 


Fig. 2. Plots of urine output in cubic centimeters against time in days for dogs 


95, 56, 98, 137, S1, S4, 94, 129, 134 and 126 as indicated by the number in the upper 
right hand corner of each chart. For description of operation see text. Arrows 
mark the time of an operation the nature of which is also indicated in text. Dotted 
lines in charts of dogs 134 and 126 indicate body weight in kilograms 


sions of the supraoptic nuclei (fig. 1). There is no obvious loss of cells in 
the paraventricular nuclei. 

Class 1-b (dog 56). Removal of the posterior lobe without removal of 
the pars distalis by splitting the latter longitudinally to permit removal of 
the former. 

The water exchange (fig. 2) and microscopic findings (fig. 1) in’ the 
hypothalamus are similar to those for class l-a. There is always a larg« 
residuum of normally staining pars distalis. 
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Class 2-a (dog 98). Low section of the 
removal of the posterior lobe and pars distalis. 

This results in water exchange effects (fig. 2) and microscopic findings it 
the hypothalamus (fig. 1) similar to those for class l-a. The posterior lobe 
is shrunken, vacuolated and quite cellular. The operation does not result 
in any appreciable change in the size and staining properties of the pars 
distalis. 

Class 2-b (dog 94). High stalk section with removal of the infundibulat 
stem, the posterior lobe and pars distalis 

This results in a temporary moderate to high polyuria which is followed 
in 3 to 5 days by a normal interphase (fig. 2). Following this in 8 to 7 


days there usually results a permanent increase in urine output of 2 to 6 


times the normal amount depending upon the degree of permanent injury 


to the median eminence. If there is no permanent injury to the median 
eminence no permanent polvuria results. 

Microscopic examination of the hypothalamus (fig. 1) reveals an esti- 
mated loss of 80 to 90 per cent of the cells in each of the three divisions of 
the supraoptic nuclei and a variable loss of cells in the ventral part of the 
paraventricular nuclei. 

Class 2-c (dog 129). High stalk section without removal of the in- 
fundibular stem, posterior lobe and pars distalis. 

This results in similar water exchange findings (fig. 2) to those for class 
2-b. Microscopic examination reveals the infundibular stem and pars 
distalis to be shrunken, often showing cystic degeneration and a high 
degree of cellularity. Subsequent removal of the pars distalis (dog 129, 
fig. 1) does not modify the water exchange (dog 129, fig. 2) after second 
arrow). The loss of cells in the supraoptic nuclei is similar to that for 
Class 2-b. 

Class 3-a (dog 84). Section of the fibers to the neurohypophysis with 
immediate removal of the lobus glandularis, the infundibular stem and the 
infundibular process. 

This results in a high temporary polyuria of 4 to 6 days, a normal inter- 
phase of 3 to 5 days and then a state of maximum permanent polyuria 
(fig. 2). The first arrow (fig. 2, dog 84) indicates the time of an unsuccess- 
ful attempt at section of the fibers to the neurohypophysis 

Microscopic examination of the hypothalamus reveals a complete loss 
of cells in the three divisions of the supraoptic nuclei, a variable but 
marked loss of cells in the ventral portion of the paraventricular nuclei and 
a variable but much smaller loss of cells in the dorsocaudal portion of the 
nuclei (fig. 1). A unilateral interruption of the fibers results in a discern- 
ible loss of nuclear cells on the same side only. The degree of completeness 
of removal of the lobus glandularis was established by examination of 
serial sections of the entire sella and its contents. 


Class 3-b (dog 81). Section of the fibers to the neurohypophysis with a 
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subsequent removal of the adenohypophysis, the infundibular stem and 
the infundibular process at a second operation, 

The water exchange in this class is similar to that for class 3-a. The 
second operation at which the adenohypophysis is removed results in no 
diminution in water exchange (fig. 2). 

Microscopic examination of the hypothalamus reveals similar findings 
to those for class 3-a (fig. 1). The absence of pars nervosa was established 
by examination of the serial sections of the entire sella and its contents. 

Class 4 (dog 137). Removal of the neuro- and adenohypophysis at one 
sitting. 

The operation results in an immediate and permanent high polvuria 
with no normal interphase (fig. 2). The microscopic findings in the 
hypothalamus are similar to those for class 3 (fig. 1). 

Time interval for nerve cell degeneration following interruption of the axons 
of the supraoptic nuclear cells. Analysis of our material indicates that a 
beginning failure of the Nissl substance to stain with cresyl violet can be 
noted in the supraoptic nuclear cells at 10 to 14 days and is complete in 45 
to 60 days after their axons have been interrupted. In figure 1 are shown 
photomicrographs of the supraoptie nucleus following an anatomical 


lesion shown to be adequate to interrupt all fibers to the neurohypophysis 


at intervals varving from 19 days (dog 12) to 30 days (dog 16) and to 65 
days (dog 1388). These results are in agreement with similar ones re- 
ported by Rasmussen (1940) for the rat, the dog and man. 

Réle of the anterior lobe in diabetes insipidus. It has been possible to 
show in 9 dogs that a permanent maximum diabetes insipidus followed 
complete destruction of the neurohypophysis with complete absence of the 
pars distalis, microscopically confirmed by serial sections. It was pre- 
viously reported by us that in 8 other animals a permanent maximum 
diabetes insipidus was produced by complete interruption of the fibers 
to the neurohypophysis or complete destruction of the neurohypophysis 
with only 3 to 10 per cent of the pars distalis remaining. We now recog- 
nize that the polyuria in these 8 animals would not have been impaired 
if these residual fragments of pars distalis had been removed. In the light 
of our entire evidence it is felt that failure to obtain maximum permanent 
diabetes insipidus by complete removal of the hypophysis at one sitting is 
due to failure to interrupt all the fibers to the neurohypophysis or to re- 
move it completely. The presence of more than 3 per cent of intact 
residual cells in the supraoptic nuclei after adequate time for degeneration 
is incompatible with a state of permanent maximum diabetes insipidus. 
Much of the confusion on this point in the literature has been due to 
failure to recognize that complete removal or denervation of the median 
eminence is a necessary condition for maximum permanent polyuria. 

von Hann (1918) advanced the hypothesis that some pars distalis was 


essential for diabetes insipidus. His evidence was deri 


vsis of 20 clinical cases In 9 of these it was stated that 
tion of the hyvpophvsis existed without diabetes insipid 


of diabetes insipidus the posterior lobe was found cd 


distalis was in whole or in part intact. In view of or 


sidered probable that von Hann’s e\ idenes lor complete destruction of thr 


neurohypophysis Was inade juate, the median eminenct probably remain 


ing. Fisher, Ingram and Ranson (1938, loc. cit.) have supported the von 


Hann theory Their acceptance of it was based on an 
findings of other investigators and their own evidence of 
from an extract of beef anterior lobe in cats with a latent 
diabetes insipidus No effect was obtained in several cats already ha y 
a good polvuria. Richter (1934) also supported the von Hann theory on 
the basis of results obtained in the rat. His estimates of the degree ot 
hypothalamic and hypophysial destruction in the animals seems to have 
been based on gross rather than microscopic examinations. The stats 
of the median eminence and of the supraoptic and paraventricular nuclei 
are not reported upon. It is our belief that in those rats which fail to 
develop a maximum permanent diabetes insipidus this was due to a failure 
to destroy all pitressin forming tissue (median eminence escaped) rather 
than to any difference in the amount of pars distalis remaining. 

The normal interphase. Fisher, Ingram and Ranson (1938, loc. cit 
called attention to the existence of a period of normal or nearly normal fluid 
exchange which occurs between the transient and permanent phases ol 
polyuria. It is usually of 3 to 7 days’ duration in the dog and is followed 
by a sudden development of the permanent phase of polyuria (dogs 81 and 
S4, fig. 2). The mechanism concerned in the normal interphase has re- 
mained in doubt. In a large series of our animals it has been possible 
without exception to eliminate the normal interphase by removal of all the 
pitressin-secreting tissue (dog 137, fig. 2). We interpret this as meaning 
that in the operation of interrupting the hypothalamico-hypophysial 
tract, following which this normal interphase occurs, there is sufficient 
injury to the pitressin-forming tissue to prevent hormone secretion, which 
leads to a transient polyuria phase. After subsidence of the effects of 
trauma the pituicvtes resume their secretory activity, which again disap- 
pears after 3 to 10 days because of the loss of trophic nerve influences 
necessary for their function. This final phase is permanent because the 
pituicytes now actually undergo degeneration. Complete removal of all 
pitressin-forming tissue invariably results in the immediate development 
of a permanent polyuria even though no pars distalis is present (dog 137, 
fig. 2). This shows that the normal interphase cannot be referred to any 
variations in activity of the pars distalis. 

Correlation between the degree of diabetes insipidus and the degree of supra- 
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In heure 318 plotted thie relations] 


up between 
number residual cells in the supraoptic nuclei of operated animals 


degree of resulting polvuria after interruption of the supraoptico- 
hypophysial tract or removal of the neurohypophysis. Each dot repre- 
sents the findings in one animal. The number of the residual cells was 
estimated by counting the cells in the supraoptic nuclei in a number of 


sections through the three portions of the supraoptie nucleus and by 


measurements which permitted an estimate of the volume of the remaining 
nucleus. From this an estimate of the number of nuclear cells was arrived 


at and the result compared with the number of cells in an average normal 


15 


al 
z 
z 
2 
> 
z 


§ 10 15 20 
RESIDUAL CELLS *% NORMAL 


hig Plot of the relationship between the number of residual cells in the supra- 


optie nuclei of eight operated animals and the degree of polyuria 


eentage of supr LOptie nuel 


(bse issa-per- 
l lear cells expressed as percentage ol 


cells present when 
compared with the number in normal supraoptic nuclei; ordinate 


-urine volume ex- 
pre ssed ais the number 


of times normal for the particular dog 


nucleus. It is recognized that the results are necessarily approximations 


but it is felt that they are nevertheless similar to results which would 
follow from a complete count of all the remaining cells. 

From the nature of the operative procedures used it follows that com- 
plete severance of the supraoptie nuclear cells from the neurohypophysis 


also results ina severance of whatever paraventricular cells are normally 
connected with it. 


iestion of pitressin secretion by the supraoptic and para entricula) 


nuclear cel It has been suggested by Gaup and Scharrer (1935) that the 
cells of the supraoptie and paraventricular nuclet may secret 


and that on removal of the neurohypophvysis these cells may take over the 


( pitressin 
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function of pitressin production, In a more recent public 

and Scharrer (1940) admit that the evidence favoring the 

itv of these cells is purely histological and that the nature of thei 
remains to be established. On the basis of the evidence of ou 
tion this secretion cannot be pitressin, It seems reasonable 
that a normal staining reaction of a nerve cell ean be rewarded : 
of its normal functional state. In our dogs where complete reé 
pituievte-bearing tissue is carried out at one sitting, a maximun 


insipidus obtains from the day of operation. For the first 10 to 


following the operation the cells of the supraoptie and paraventricular 


nuclei stain normally. During this time such cells, if essential for pitressin 
formation, should be capable of taking over the function of the neuro 
hypophysis and no marked polvuria should develop 

I nfluc nee of infection mn and about the hypothalamus on wate rrul food 
intake in the absence of neu ohypophysis. In six instances the influence of 
infection in and about the hypothalamus was observed in dogs where all 
pitressin-forming tissue had been denervated or removed. Serial sections 
showed complete or almost complete absence of the supraoptic nuclei and 
the ventral rostral portions of the paraventricular nuclei. “These animals 
first showed a typical maximum diabetes insipidus which after several weeks 
began gradually to diminish and in some instances returned to normal 
water exchange level. With this diminution in urine output there was a 
simultaneous diminution in water and food intake. Some of these animals 
eventually died, with great loss of body weight, presumably as a result 
of the anorexia. The picture resembles that of so-called hvpophysial 
cachexia (Simmonds, 1914) which is usually ascribed to loss of the anterion 
lobe. Our results show that in the dog complete loss of the anterior lobe 
alone does not produce any such svmptoms and leads to the inference that 
hypophysial cachexia may be due to an associated hypothalamic depression 
or lesion rather than to anterior lobe loss alone. Typical examples of the 
water balance and body weight curve in this group of animals (dogs 134 
and 126) are given in figure 2. 

While we accept the view (Richter, 1935; Fisher, Ingram and Ranson 
1938) that polvuria is primary in diabetes insipidus, any influences which 
interfere with the thirst and appetite of an animal will prevent the mani- 
festations of diabetes insipidus in spite of the fact that the anatomical basis 
for this state exists. That operations involving injury to the hypothalamus 
may interfere with thirst and appetite is known to all investigators in this 
field. In our experience with dogs, simple hypophysectomy does not 
interfere appreciably with normal thirst and appetite. When more exten- 
sive injury involving the hypothalamus is produced, interference with 
thirst and appetite may result. The more extensive the injury, the 


reatel 


appears to be the effeet. In our experience removal of the entire 
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hypophysis can be carried out at one sitting without much interferen: 
with thirst and appetite, provided it is effected by clean dissection rath: 


than by probing plus chemical injury. The disturbance of thirst an 


appetite is frequently temporary. 


CONCLUSIONS 


The neurohypophysis is innervated by fibers from the supraoptic and 


paraventricular nuclei. All the cells of the supraoptic nuclei and a hig! 
percentage of the cells of the rostro-ventral portion of the paraventriculal 
nuclei degenerate on removal of all the neurohypophysis. The innerva 


tion of the median eminence is apparently uncrossed. 

Removal of the infundibular process results in the retrograde degenera 
tion of 70 to 80 per cent of the supraoptic nuclei. The cells of the para 
ventricular nuclei show little or no degeneration. Removal of the entir 
infundibular stem and the infundibular process results in  retrograd: 
degeneration of 80 to 85 per cent of the cells of the supraoptic nuclei. 

Following interruption of the hypothalamico-hypophysial tracts, 
degeneration, as evidenced by paleness of staining and breaking up of the 
Nissl substance, begins at 10 to 14 days. For complete degeneration 45 
to 60 days are required. 


Maximum and permanent diabetes insipidus follows the removal or the 
complete denervation of the entire neurohypophysis, resulting in retro- 
grade degeneration of the entire supraoptic nuclei and the rostral ventral 
portions of the paraventricular nuclei. No nucleus caudal to the para- 
ventricular nuclei contributes fibers to the neurohypophysis. Failure to 
interrupt the fibers of even 15 per cent of the cells innervating the neuro- 
hypophysis will prevent the development of any permanent diabetes 
insipidus. Failure to interrupt 5 per cent of these fibers will result in a 
diabetes insipidus of only 4 to 5 times the normal urine output, while 
this output is increased 10 to 20 fold with complete interruption. 

The normal interphase represents the time during which the denervated 
neurohypophysis produces  pitressin. 

The adenohypophysis is not necessary for the development and mainte- 
nance of a permanent and maximum state of diabetes insipidus in the dog 

Ividence is presented that infection in the region of the hypothalamus 
can prevent the manifestation of diabetes insipidus even in the absence of 
the entire neurohypophysis. 

evidence is presented that the cells of the supraoptic and paraventriculal 
nuclei do not secrete pitressin. 
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Some time ago, in a study of extrapyramidal function, it was reported 
(1) that stimulation of the caudate nucleus produced an “inhibition” of 
movements already in progress. The essential results obtained in that 
investigation were: 1, if an animal were struggling, stimulation of the 
caudate nucleus or putamen stilled this activity, and 2, if a specifie move- 
ment were introduced (phasic flexion of the forepaw) by stimulation of the 
cortex this movement was reduced in amplitude, frequency or duration of 
movement and, sometimes, stopped altogether by stimulation of the 
caudate or putamen. In reporting the original results it was decided not 
to emphasize the first observation since spontaneous movement is so easily 
affected by a variety of circumstances including sensory stimulation. 
Further we were far from satisfied with the application of the word “inhibi- 
tion’’ to a subsidence of spontaneous activity. This term has come to have 
specific limitations attached to it which are difficult to apply in forebrain 
work. In the present communication, for want of a better term, we still 
continue to speak of inhibition in the sense in which we used it before, that 
is, “as a ‘melting-away’ of the cortical effect”? but we also apply it to a 
cessation of spontaneous activity, with the implication that the inhibition 
is not abrupt and that the movement gradually subsides over a brief inter- 
val of time. We have further employed the term when a significant reduc- 
tion in the amplitude and frequency of vigorous, spontaneous movements 
was obtained. 

Merruops. Adult cats were employed in the stimulation experiments 
listed below. The animals were supported longitudinally on a horizontal 
bar, and equipped with a wide-frame Horsley-Clarke apparatus. Two 
types of electrodes were employed for deep stimulation. The first of these 
was of the monopolar variety and consisted of a tungsten or steel wire 
insulated to the tip, the indifferent electrode being attached either to the 
frame of the stereotaxic instrument or to the rump of the animal. The 
second type was the bipolar concentric. 


In stimulating the cortex we have emploved the ordinary bipolar, silver, 
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forked electrode; the monopolar, silver, ball-tip 2 mm.); the monopolat 
silver, spring filament (contact area circa 0.25 mm.) and the saline capillary 
plug. As stimulating sources the spring-inductorium, half-rectified sixty- 
evele and variable-frequency thyraton stimulator have all been used 
(ienerally, we have used the sixtyv-cevele, half-rectified stimulator for cortical 
work and the variable frequency apparatus for deep placements. Usually 
the latter was set for 60 pulses per second though a slower frequency Was 
sometimes more effective. 

ether anesthesia delivered through an intratrac heal cannula was em 
ploved during all operative procedures. During stimulation the level ot 
the anesthesia was reduced to the first or second stages of Hewitt 

Relative activity of different portions of caudate nucleus. In studies made 
with the intention of investigating the possibility of somatotopical repre- 
sentation in the caudate it was observed that stimulation in all parts of the 
nucleus was not equally effective in inhibiting cortically induced move- 
ments. It was further observed that, while the caudate exerted a greater 
inhibiting effect upon movements elicited from the cortex of the same 
hemisphere, spontaneous activity was as completely inhibited on the same 
as opposite side of the body and indeed that no selective inhibition of 
spontaneous activity could be observed at all. With a view to deter- 
mining 1, whether the areas of the caudate which produce inhibition of 
spontaneous movement are more or less coextensive with those inhibiting 
cortically induced activity, and 2, whether the regions producing inhibition 
of induced movement have some particular pattern, it was decided to con- 
struct a map of the caudate based upon its stimulation. Two hundred 
individual placements were made in this experiment. In only two or three 
instances were more than two placements made in any one animal (one 
in each caudate). It was possible to verify the exact position of 166 of 
these placements. For the sake of convenience the caudate was subdivided 
into six regions; the anterior, middle and posterior third, each of the head 
and body. Roughly the posterior boundaries of these regions correspond 
respectively with the six drawings (A through F) shown in the aecompany- 
ing figure (which also contains the results of the putamen stimulations 


discussed later in the paper). The amount of caudate tissue comprised 


in each of these regions varies considerably. The number of placements 
made in each location was roughly in proportion to the amount of tissue 
involved and was as follows: 14, 52, 54, 22, 10 and 14 respectively. No 
attempt to locate placements in the tail of the caudate was made since the 
possibility of getting accurate and verifiable stimulations of this structure 
is not great. The results obtained in this series of experiments are graphi- 
cally expressed in the figure. In occasional trials which were made to test 
the effect of caudate inhibition upon reflex activity it was uniformly found 
that whenever inhibition of spontaneous activity was obtained there also 
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CORTICALLY !NOUCED 
MoveMENT INHIBITED 


NHIBITED 
=== SPONTANEOUS MOVEMENT | C- TURNING OF HEAO 


A-ACCENTUATION OF CORTICALLY INDUCED MOVEMENT. 
- GLING. + -PRODUCTION 
TOWARD OPPOSITE SIDE. $-STRUG 


Fig. 1. Diagrammatic representation of results obtained upon stimulation of the 
feline neostriatum and its vicinity. 


occurred an inhibition of the usual, easily-elicitable, normal reflexes 
including withdrawal from a painful stimulus. 
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Objections against attribution of hitory 


ceding data. The following may be offered against the assum 


ceding evidence indicates an inhibitory function on the part of the 


In the first place it may be questioned whether the inhibition of m 


result of a ‘‘diversion of interest”’ subsequent to irritation of the 


endyma or stimulation of certain of the sensory radiations issuing tt 
\gain it will be observed that head-turning toward the opposite side 
obtained and it might be supposed that the inhibition might be due t: 
tendency to offset the normal muscular balance such as is incident to he 
which case well-known inhibitory mechanisms (such as the vestibulo 
wtivated. It might also be objected that inhibitory fibers, crossing in t 
trom the opposite side, might be the really responsible agents 
In our previous report we sought to meet the possible objection 
by fulgurating at the tip of the electrode and then restimulating. — In 
was always found that fulguration of the small area at the tip of the elect 
ished the responses which we were re cording. The objection of current spre 
be also, to some degree, met by the following experiment 
Ten cats were prepared by removing all cortex anterior 
posterior sigmoid gyrus. Under such circumstances the 
link is broken, the possibility of stimulating sensory cortical areas is removed and the 
chance of activating a possible callosal inhibition is reduced. When this was done 
was noticed that a greater area of the caudate (in the direction of the internal 
sule) was found to be inhibitory In such a case the electrode is even farther aw 
from the ependyma than previously. This would indicate that the thalamo-cortical 


fibers tend to mask (by introducing extraneous struggling) and not enh 


inhibi 
tion. It isto be noted that sensory stimulation usually causes an inerease in respira 
tion, while, in the great majority of the experiments reported above, not only was 
this absent but inhibition (usually of both the frequency and amplitude of the move 
ment) occurred. 

Another more serious objection may be raised against the above experiments 
It is by no means impossible that fibers of passage in the internal capsule and arising 
from cortex which is inhibitory may have been stimulated. In order to eliminate 
this possibility the following experiments were devised 

Stimulation of caudate nucleus in cats Jrom which frontal corler was previously 
removed. The length of time required for the dissolution of central neural tracts to 
the point where they are non-conducting probably varies from system to system 
Our own evidence indicates that pyramidal fibers cease to transmit impulses on the 
fourth day after decortication. This is the same length of time which we found to be 
required for the severed brachial plexus to become non-conducting. Measurements 
made on the second day after section of such nerves have shown no perceptible change 
in conductility. On the third day they show impairment in the threshold of ex 
citability and on the fourth are totally inexcitable throughout their entire length 
So far as we know the most resistant nerves after section are the sympathetics, which 
Gibson found to become non-conductile in eight days 

Eight cats were operated under aseptic precautions and all neocortex anterior to 
and including the posterior sigmoid gyrus was removed bilaterally by means of the 
ligature and suction technique, care being used to avoid opening the ventricle and 
infringing upon the caudate itself. The olfactory tracts were eliminated. The 
animals were reoperated as follows: two on the fourth postoperative day, one on the 
fifth, one on the twelfth, two on the thirteenth and two on the sixteenth. In all 
cases preliminary exploration of the edge of the remaining cortex with the bipolar 


electrode was without a motor effect and, in every case, stimulation of the caudate 
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acements were verified, of course, after death) produced inhit 


taneous movement (and often respiration), without evidence of spasti 
widityv, whenever such movements were present. Stimulation of such portions 
the thalamus as he adjacent to the caudate usually produced turning of the he 
toward the opposite side, or, if deeper, a rage-like reaction with rapid, phasic clawing 
ind spitting Stimulation of adjacent portions of the corona radiata o1 
capsule either produced no effect, or resulted in inhibition of spontaneous movem 
Stimulation of the fragmentary corpus callosum produced no discernible 
Head-turning was noticed in thirteen and sixteen-day animals as well as earlier on 
in which it is conceivable that complete non-conductility might not have ‘Url 
ind is thus pre sumably not necessarily depe ndent upon t hie presence ol the front 
ortex nor that part of the callosum concerned with this area Accidental eviden 

ovement does not emanate from the caudate and is not re Spot sible f 

such inhibition as we have observed is provided by the ease of an animal in whi 
the heads of both caudate nuclet were inadvertently removed Phis cat showed 1 
trace of inhibition but head-turning was obtained when the placements approache 
the thalamus. Thus it would appear that this form of head-turning emanate 


thalamus Moreover this animal provide Ss independe nt negative evider 


froma the 
that the inhibition whiet istomarily obtained cannot be elicited if the striatur 
is removed 

That inhibition and head-turning (and also tail-switching) can occur throug! 
routes other than passage over the pyramids we have found in six animals in whicl 
both pyramids were cut. Ina previous paper (2) we have already remarked upon the 
occurrence of inhibition following cortical stimulation after pyramid section and 
may now compare the effeets of caudate and cortical stimulation in preparations of 
this type 


Comparison between inhibition obtained from caudate and cortex following 


pyramid section and effect of caudate narcotisation and removal. In the 
communication referred to above we mentioned that we have had the 
opportunity to verify the observation of Tower and Hines (3) (see also 
Tower 4, 5)) that stimulation of the frontal cortex, following pyramid sec- 
tion, results in inhibition of spontaneous movement. In practically all 
respects our results are in agreement with theirs, the only discrepancy being 
that while at one time or another they seem to have believed stimulation 
of the entire excitable area produces inhibition after pyramid section we 
have found the medial third of the dorsal aspect of the anterior sigmoid 
gyrus to be most effective in this respect and, when discriminating methods 
of stimulation were employed, frequently encountered no inhibition from 
any other portion of the motor region. There is little doubt that the 
effeet which Tower and Hines deseribed is a genuine neural phenomenon 
of first importance. 

That the inhibition obtained upon cortical stimulation and caudate 
activation may be really identical is, of course, a ready conjecture but 
before it can be given serious consideration it is necessary to prove that 
inhibition of spontaneous activity by caudate stimulation, following 
pyramid section, is possible. In six cases of bilateral pyramid section 
such a possibility was verified. Cortical stimulation, producing inhibi- 
tion, in these animals was believed to be generally less effective than deep 


| 


stimulation. In one animal in which one pyramid 

cut it was found that stimulation of the left cortex e 
effect over movements initiated in the right In thi 
bilateral cases the caudate was narcotised by thrusting 
gauge), carried in the Horslev-( ‘larke instrument, into its 
0.025 ce. of 20 per cent novocaine was then inje 


abolition of the cortical inhibitory effect. 


the left 
noted that 
hefore With till more sensit 
nyected ind thi 
the cortex wa 
discharge 
tendency for 


some mere 


the legs 


This procedure was repeated in four other animals 
cortex of the hemisphere in which the caudate was Inje ected became more 
excitable (its stimulation threshold decreased), after-discharge was noticed 


i 


and it was observed that there was a greater incidence of spontancous 


activity than before. Injection of the caudate with strvechnine did not 
seem to produce any very definite result it merely being observed that if 
seemed as though the corresponding leg was working against a greate! 
“resistance” than was usual. 

While the injection of a substance such as novocaine can hardly by 
expected to have given a localized narcosis of the caudate, this doubtless 
had received the major effect of the dose. It would appear that the cortex 
had been released by this procedure and that the abolition of cortical 
inhibition after pyramid section and caused by narcotisation of the caudate 
was not the result of anesthetizing fibers in the internal capsuls but it may 
be interesting to see what ¢an be done by mechanical ablation, sparing 


the cortex as much as possible. 
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ismall piece of the posterior portion of the head had escaped ablation.) Stimu 
lation of the left anterior sigmoid gyrus now produced rapid, lightning-like thrusts 
of the leg These had a loose, dangling character; the leg flying up into the air and 
collapsing into flabby, pendular movements. Sometimes these movements went 
inte a tonic flexion pattern in which the leg was held up under the mandible. The 
movements, on the whole, looked like those obtained from acerebellar animals No 
evidence of inhibition could be observed 

Adult eat (1-12-CC 7). Cortex exposed and the ventricles on both sides wer 
opened by two cuts made perpendicularly to the falx cerebri, and on either side of it 
about half-way back on the brain. An attempt was now made to remove both 
caudate nuclei through the ventricles thus exposed. Stimulation of the right cortex 
gave no response. (Postmortem examination revealed that, on the right, the suction 
tip entered into the internal capsule and disrupted it. On the left, the anterior and 
medial portions of the head of the caudate only had been successfully removed 
Stimulation of the left cortex produced two different varieties of results One type 
of these consisted in a flash-like bat which ended in tonic extension. The other von- 
sisted of loose, pendular movements, of a phasic character, which were thrown about 
by a quick tremor. Movements elicited from the medial aspect of the anterior 
sigmoid gyrus did not appear to have any tendency to develop hypertonic manifesta- 
tions whereas stimulation of the lateral part of the gyrus frequently produced ex- 
tensor, hypertonic thrusts. These characteristics held for all stimulation frequencies 
from 40 to 750 pulses per second. Frequencies below 40 gave only jerky movements 
in the extremity. No evidence of inhibition could be observed 


Here again then striatal dysfunction abolished the inhibitory capacity 
of the cortex without eliminating its positive motor effect which, on the 
contrary, was accentuated. 

Putamen. Stimulation of the putamen was carried out in the same 
manner as that of the caudate. The series studied consisted of twenty 
verified placements in the putamen-claustrum complex. The results 
obtained are indicated in the accompanying figure. Briefly, it was found 
that the more lateral portions of the complex gave inhibition of both 
cortically induced and spontaneous movements; that stimulation of the 
pallidal margin of the putamen resulted in specific movements and that, 
between thesé areas, only spontaneous movement could be satisfactorily 
inhibited. The explanation of the production of movements when the 
pallidal margin is stimulated is bound up with the function of the globus 
pallidus which forms the subject of a separate investigation. 


Of course, we are again faced at this juncture with the question of the possible 
réle which fibers of passage may play in the inhibitory phenomenon, It is not easy 
to eliminate these in the case of the putamen but at least the same procedure may be 
adopted as was employed in the case of the caudate. From four animals the ex- 
citable cortex was accordingly removed and, ten days later, the putamen was stim- 
ulated. Inhibition of spontaneous activity was still obtained and seemed somewhat 
more effective than in the intact animal. In another animal from which the anterior 
third of the brain had been removed, including the heads of the caudate nuclei, it 
was found, twelve days postoperatively, that stimulation of the putamen similarly 
inhibited spontaneous activity. Such inhibition was also obtained in one animal 
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fter section of the pyramiu ist v the pons. While we have 
putamen to as exhaustive a study as the caudate and while it ts diff 


effects of lesions made in it without ing i d 


be. from what evidence is here present 


manner essentially different from tl 


CONCLUSIONS 


1. Stimulation of the caudate nucleus results in more 
of movements elicited by stimulation .of the cortex 
opposite side 

2. In the case of spontaneous movements caudate 
tt general, bilateral inhibitory effect which is essentially 
sides of the body. 

3. Spontaneous activity is more easily inhibited than is co: 
duced movement and is obtained from a greater area of the striatun 

!. Those areas from which inhibition of cortically induced movem 
is most easily evoked coincide rather closely with the regions through 
corticistriate fibers run in closely grouped bundles. “The most notal 
these bundles is the subeallosal fasciculus. 

5. No evidence favoring the existence of a definite somatotopical 
jection of the striatum was observed. 

6. The inhibitory effeet obtained upon striatal stimulation is not related 
to irritation of the ventricular ependyvma, stimulation of the callosum on 
to excitation of thalamocortical or corticifugal fibers travelling in the 
internal capsule 

7. Inhibition of the above tvpe cannot be evoked by stimulation in the 
vicinity of the head of the caudate if this is removed. 

8. The inhibition of movement by cortical stimulation as previously 
discovered by other observers is abolished by narcotisation or injury of 
large portions of the striatum but is not affected by pyramid section. This 
would seem to indicate that the cortical inhibitory effect travels through 
the striatum. 
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Although work on the respiration of spermatozoa has been reported, 
investigators are not in agreement as to the significance of the oxidative 
processes, and the nature of the substances oxidized has not been estab- 
lished. Redenz (1) found that various carbohydrates promoted motility 
only if the sperm could produce lactic acid from them. He also showed 
that lactic acid had no influence on motility, but it greatly increased the 
respiration of spermatozoa in dialyzed serum (1). The lactie acid which 
accumulates in semen during storage does not account for all ot the glucose 
that disappears (2, 3). 

that oxidative processes promote motility was obtained by 


Redenz (1) who showed that in a sugar-free medium, spermatozoa soon 


became immotile when kept under nitrogen but retained motility in the 


presence of oxygen. 

In recent studies on the dehydrogenase activity of spermatozoa (as 
measured by the Thunberg technique) we observed that the methylene 
blue reduction time was greatly prolonged in the presence of glucose (4 
This appeared to be an inhibition or sparing of oxidative processes by 
glucose. 

In the present work it was our purpose to determine the nature of the 
intracellular substances other than glucose which are normally utilized 
for energy by bull spermatozoa and to study the relationship between 
the oxidative and glycolytic processes. 

Mirruops. The methods used for semen collection, motility observa- 
tions and lactic acid determination, and the buffer solution in which the 
spermatozoa were suspended for motility and respiration studies have been 
previously described (4)... Phosphorus was determined by the method of 
Kiske and Subbarow (5) using the Evelyn photoelectric colorimeter (6) 


to obtain the intensity of the color developed, Phospholipids were sepa- 
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rated by Bloor’s method (7 \liquots Ol this alcohol- 

aporated to dryness, wet ashed with HoSQ,, th 
ompanied the ashing cleared by the addition of a few drops ot 
the inorganic phosphorus determined. Oxygen uptake was 
tir at 37° in the Bareroft apparatus. ‘The center cups of th 
flasks contained strips of porous filter paper saturated wit! 
KOH to absorb COs. A 5 minute equilibration period was 
measurements were begun 

RESULTS The results in table 1 demonstrate clearly 
spermatozoa were separated from the nutrients present 


fluid motility was retained only under aerobic conditions 


SOURCE OF 
SPERMA- ATMOSPHER 
TOZOA 


Bull A None 
None 
0.02 M glucose 
0.02 M glucose Nitrogen 


None Al 

None Nitroge 
0.04 M glucose Ait 

0.04 M glucose Nitrogen 


Spermatozoa were centrifuged from the seme1 
per cent saline and after centrifuging ag: wert ispended in suthici 
phosphate buffer (pH = 6.8) to give a final volume twice tl 


Ineubated at 37 


romoted motility anaerobically and prolonged it aerobically Sin 


spermatozoa in the Ringer-phosphate medium containing no sugar remain 


motile only in the presence of air, it seems that oxvgen is required for the 


utilization of the intracellular reserves of the sperm cell 

The production of lactic acid from various sugars by spermatozoa fron 
2 different bulls is shown in table 2.) Only those sugars which the sperm: 
tozoa could catabolize to lactic acid were effective in maintaining motility 
Since washed spermatozoa have been shown to contain a small amount of 
glucose (8), it Is probable that this was the source of the small amount of 
laetie acid produced in the absence of added sugar. Undoubtedly the 
small amount of motility found initially under anaerobic conditions (table 
1) results from the glucose present in the spermatozoa 


Chemical chana S an semen during storaqe In the hope that cl 


SPERM ME 
WI ! 
HNOs, and 
re piratiol 
20 per cent 
if 
rABLE 1 
M ILITY RA NG 
2+ 1+ Few 1 tile 
Few motile Dead 
Bull B $+ 2+ 2 
Few motil Dead 
5+ 4-4 j 
5 5+ 5-4 } 
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in the chemical composition of semen during storage might give some 
evidence as to the type of substances utilized by spermatozoa, several] 
analvses of semen, before and after storage, were made. It was found 
that during storage there was a decrease in glucose, an increase in lactis 
acid, ether extractable substances and ester phosphorus, a very slight 
increase in non-protein-nitrogen and a considerable decrease in lipid 
phosphorus, 


TABLE 2 
Utilization of various sugars by spermatozoa 


LACTIC ACID PRODUCED 


BY cc. SPERM SUSPENSION*® 


MOTILIT r2 
MEDIUM, RINGER-PHOSPHATE. SUGAR ADDED snpazislindlg IN 2 HOURS 
HOURS 


Bull B 


None Few motile 0.051 
CGlueose 

Maltose 

Fructose 

Mannose 

Galactose Few motile 

Sucrose Few motile 


* Sperm concentrate: Approximately 600 million/ce. 

Semen was centrifuged and the spermatozoa suspended in Ringer-phosphate, 
pH = 6.8 All sugars added to give a final concentration of 0.04 M in the suspension 
Incubated at 37° aerobically 


TABLE 3 
Typical changes in phosphorus partition of semen during storage at 10°C. 


TOTAL ACID- 


sawic P 
SAMPLE INORGANIC I SOLUBLE P 


ESTER P LIPID P 


magn cc. mgm./cc mgm 
Original 0.012 0.170 0.276 
Stored 56 hours 0.013 0.236 0.098 


Typical results of changes in the phosphorus partition which occurred 


during storage are shown in table 3. | The large decrease in lipid phosphorus 


was accompanied by an increase in the ester phosphorus fraction. These 
changes in the phosphorus partition occurred more rapidly at room tem- 
perature than refrigerator temperature. If the semen sample was sub- 
jected to heat at 80°C. for 5 minutes prior to storage, changes in the lipid 
phosphorus did not occur. Figure 1 demonstrates that the decrease in 
lipid phosphorus occurred largely during the first 24 hours of storage and 
that it paralleled the degree of motility. The decrease in lipid phosphorus 


Bull A 
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occurred also in spermatozoa separat d from seminal 
in Ringer-phosphate buffer 
Sparing of oxidative processes by glycolysis. 
glucose on the respiration of spermatozoa 
enous” respiration is much greater than the respiration 
glucose. The differences were greatest during the fi 
period, but the rate of oxygen consumption continued, tor 
be greater in the absence of glucose. Thus glucose has 


on the respiration of spermatozoa. ‘This sparing action seems 


Ww 


semen 


cc. 


Q, 
4 
a 
pi 


Motility rating 


mg. 


tew motile 


48 


Time in hours 


Fig. 1. Changes in phospholipid content of semen during 
aerobically. 


on the previous treatment given the spermatozoa. Considerable decreases 
in oxygen consumption were obtained when glucose was added to fresh, 
rapidly respiring spermatozoa which had been centrifuged out of the 
seminal fluid and made up directly in Ringer-phosphate buffer. With 
certain samples washing lessened the sparing action of glucose on respira- 
tion, and occasionally, especially in old samples, glucose even increased thi 
oxvgen uptake above the “ondogenous”’ rate A plausible explanation 
is that in the older samples many of the intracellular reserves were alre: 

oxidized, and the addition of glucose vielded lactic acid, some of v 


was oxidatively removed. 
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It seems that the oxvgen uptake of bull spermatozoa Can be the result 
of the oxidation of two tvpes ol substances: the intracellular reserves and 
as shown by Redenz (1), the lactic acid produced by glycolysis. Fron 
our studies it is apparent that the endogenous respiration resulting fron 


the oxidation of intracellular reserves is a source of energy for the main 


rABLE 4 


the espira 
MED PER HALF 


150 
mir 


14 


12 

12 
0.00 1.3 | 167 17.0 14.5 
0.02 2 21.0 | 15.0 ‘ 12.0 17.4 


All Bareroft flasks contained 2 ce. sperm suspension made up to a final volume ot 
3 ce. with Ringer-phosphate buffer, pH 6.8. Suspensions prepared as indicated 

* Semen centrifuged and spermatozoa suspended in sufficient Ringer-phosphate 
to give original volume 

t Spermatozoa were centrifuged from semen, washed by suspending in 0.9 per cent 
saline and after centrifuging again were suspended in sufficient Ringer-phosphat« 
medium to give original volume of semen 

t Specimen stored 2 hours at room temperature and 7 hi 


experiment was begun 


tenance of motility in bull spermatozoa since in the absence of glyvcolyzable 


sugars motility is not retained under anaerobie conditions 


The decrease in oxygen consumption obtained when glucose was added 
indicated that the sperm shifted to glvcolvtic mechanisms for some of then 


encrgv; however, the magnitude of the decrease is not a true criterion ot 


the degree of the shift. Even though the spermatozoa were obtaining 


F SPE PE M 
‘ DDED 
MATOZOA OUNT 0 0 00 120 180 210 
GLUCOSE 
mi mi I mit mit AN 
tes tes ites ites ites es tes 
G 5 0.00 62.5 99 3 30.0 24.2 
PO 6 25.5 26.0 24.0 27 
\ 2 0.00 4 10.0 Qe 13.7 
0.02 10.8 10.8 7.0 6.4 S.7 
23 0.00 «22.1 15.0 24.0 
0.02 0 19.2 17.8 
B* 25 0.00 10.0 30.0 20.1 17.9 17.0 16.5 15.4 
0.04 ye: 16.5 16.2 13.8 12.5 m.2 
iN 23 
Git 
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all of their energy from givcolvsis, a residual oxvget 
tinue because of the oxidative removal of part of the 
It must be remembered that the ener: released by t] 

acid is apparently not available to the sperm for thi 
tilitv, for Redenz (1) found that added lactate increa 
ut did not merease Of sperm suspension 
but did t tilit 

Table 5 shows that there was verv httle decrease in 
content of spermatozoa when glucose was added to the suspen 
This, together with the sparing action of 
indication ot the preferential of 


spermatozoa as a means of obtaining energ\ 


Discussion. It is apparent from these results tha 


ability to utilize a variety of sugars 


Ringer-phosphate 
Ringer-phosphate-glucose 

Semen was centrifuged, the spermatozoa made up to original vo 
phosphate and incubated at room temperature. Final glucoss 
0.04 M 
At present we cannot sav whether the inability of sperm to utilize galactose 
and sucrose is the result of an impermeability of the sperm to these sugar 
or the lack of enzyme systems capable of utilizing them. 

While the decrease in lipid phosphorus during storage certainly is not 
final evidence that phospholipids are being utilized by spermatozoa, the 
fact that the decrease may be lessened by adding glucose to the spern 
suspension gives support to the probability that in the absence of glucose 
the spermatozoa are using intracellular phospholipids as a source of energ) 
for motility. The mechanism of this utilization is not known \ possibli 
explanation is that the phospholipids are hydrolyzed, perhaps liberating 
most of the phosphorus as an acid soluble ester (table 3) and the fatty 
acid portion mav then be oxidized to obtain energ: The possibility 
that the decrease of phospholipid during storage is th 1 enzvmati 
hvdrolvsis unrelated to any metabolic needs of the sperm is lessened by the 


following considerations l i ie absence of 


phospholipid that disappears parallels the degree of 


SP] MMA to), 

1) “Se 

th: the disaccharide tose 
rABLE 5 
Effect of q hospi id cl ge 
MEDI 
(origi 
‘ 
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tozon Second, the disappearance ot phospholipid can be lessened by 


adding glucose to the suspension medium. Finally, in the presence ot 


glucose spermatozoa depend less on oxidative processes for their energy 
Spermatozoa are not unique in showing a decrease of respiration in thi 
presence of glucose. This phenomenon has been observed in) certain 


tumors (9, 10, 11), in lymph nodes of leukemic mice (12) and in bovine 
articular cartilage (13). The cause underlying the decrease of respiration 
in the presence of glucose has not been determined. Crabtree suggested 
that the glycolytic activity of tumors may act as a partial check on then 
respiratory powers. Rosenthal et al. (13) obtained the effect with both 
glucose and mannose but not with fructose which is not glycolyzed by 
cartilage. They offered the explanation that added glucose is oxidized 
slower than the cellular substances ‘tthe oxidation of which it replaces’’ 

13 On the basis of our results we offer the following explanation. — In 
spermatozoa the energy requirement for the maintenance of their vital 
activity can be obtained from the oxidation of intracellular substances or 
from glycolytic processes. When sugars are available to the spermatozo: 
the energy obtained from their breakdown to lactic acid lessens the demand 
on the oxidative processes. 


SUMMARY 


1. In confirmation of the observation of Redenz it has been shown that, 
in a2 medium containing no sugar, spermatozoa remained motile only in 
the presence of air, indicating that oxvgen was required for the utilization 
of the intracellular reserves. Added sugars maintained motility only if 
they could be catabolized to lactic acid by the spermatozoa. 

2. During storage the phospholipid content of semen decreased. The 
decrease occurred also in sperm suspensions free of seminal fluids and here 
could be lessened by the addition of glucose. “Phe decrease in phospholipids 
paralleled the oxidative utilization of intracellular reserves for the main- 
tenance of motility. 

3. The rate of respiration by spermatozoa in the presence of glucose was 
much less than the ‘‘endogenous” rate which mndicated a preferential 
utilization of glycolytic mechanisms as a means of obtaining energy for 
motility. 

From these studies it is concluded that phospholipids are the source of 
the intracellular reserve energy of bull spermatozoa, that this energy is ob- 
tained by oxidative processes, and that spermatozoa preferentially obtain 
the energy for motility from the glycolysis of glucose or other glvcolyzable 


Sugars. 
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AGE CHANGES AND SEX DIFFERENCES IN| ALVEOLAR CO, 
TENSION! 


NATHAN W. SHO‘ 


if Child Welfare and the Division of Physiology, Mec 
University of Californ a, 


\ecepted for publication April 28, 1941 


The alveolar COs, tension has been shown to be higher in males than in 
females (4) (5), a finding confirmed by a corresponding difference in pCO, 
of arterial blood (13). The aim of the present report is to determine the 
age at which the sex difference in the alveolar COs, tension first appears, 
the extent of the difference, and the possible explanation for it. 

EXPERIMENTAL. Subjects. Determinations of the tension of CO, in 
the alveolar air were made on fifty normal boys and fifty normal girls from 
Oakland, California, school children. The children were first tested when 
they were between the ages of 11 and 12 vears (mean 11.87; 58.D. 0.5 vea 
and were re-tested at six-month intervals over a six-vear period. Dupli- 
cate observations on each subject under basal conditions were carried out 
on two successive days. After a fifteen-minute rest period in the supine 
position, the first sample of alveolar air was collected at the end of expira- 
tion in the sampling valve described by Henderson and Morriss (8) and 
transferred immediately to gas sampling tubes over mercury. A second 
sample of alveolar air was obtained in the same manner at the conclusion 


of a basal metabolism test. Analysis for CO. content was made in dupli- 


cate on a 10 ec. Haldane gas analysis apparatus. The COs tension was 


computed on the basis of the barometric pressure taken at the time the 
sample was obtained. The average of the two samples for each day was 
computed as well as the average of all measurements for all subjects at 
each age level. 

Determinations of alveolar air pCO. were made in the same manner as 
deseribed above on additional groups of subjects as follows: 

Adolescent groups A and BB, These groups consisted of fifty normal boys 


A) with a mean age of 16.0 + 0.2 and fiftv normal girls, with a mean age 


Assistance in the preparation of these materials was furnished by the personne] 
of Work Projects Administration Official Projects no. 465-03-3-631, Unit A-S, and 
no. 65-1-O08-62, Unit A-S 

Phe cooperation of the Oakland Publie Schools in making subjects available for 
this research is gratefully acknowledged. Thanks are due to Mr. Theodore Cherni- 
koff for his assistance in gas analyses 
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of 16.0 + 0.2. also from the Oakland schools. These children were sel 
on the same basis as the original group tested and differed only 
they had never been subjected to the physiologic al testing program | 
in contrast to the other children measured, who had been 
times previously by the time thev had reached a similar age 
Adult group. Measurements were made on a group of twenty male sti 
dents, with a mean age of 23.9 + 0.7 (range 20-26 vrs.) and fifteen femal 
students with a mean age of 23.2 + 0.7 (range 19-26 Values for al- 
veolar pCO., under the same conditions, were obtained on twenty adult 


males, mean age 32.5 + 1.3 (range 27-43 vrs.) and seventeen adult females 


TABLE 1 


Reliability of pCO. determination in adolescents pre 


PROBABLE ERROR BASED ¢ 


TESTING DATE OF TESTS same da 


Gris 


Spring 
Fall °33 
Spring 
Fall 
Spring 
Fall 735 
Spring 
Fall 
Fall 
Fall ’38 
\doleseent groups 


\ and B 


mean age 33.4 + 1.2 (range 27-39 vrs.). The latter groups were cho 
largely from staff members 


RESULTS. Reliability of measurements. Since two determinations of 


alveolar air were made on each of the two experimental days, it is possible 


to calculate the probable error of the determination? based on either single 
observations on a given day or on the basis of the mean of two observa- 
tions made on different days. The results of this analysis are shown in 


table 1. It is clear that the probable error for a single determination of 


2 The formula used for this caleulation was 


Where P.E.,, is the probable error « score: 
distribution of the first test: 0. is the standard deviation of th 


PE, = [0.6745 


second test and r,, is the coefficient of correlation between the 


O11 

AGE 
YEARS 
Test 2 days 
Boys Girls Boys — Bovs Girls 
11.9 11.9 1.3 1.4 1.4 
I] 12:3 12.5 1.4 1.6 LS 1.6 
II] 12.9 12.9 
13.5 13.6 1.9 1.7 1.6 
\ 14.0 13.9 q 1.5 
VI 14.6 14.5 14 1.6 1.6 1S 
14.9 14.9 1.5 
15.5 15.5 1.9 1.6 1.9 
IX 16.5 16.5 1.3 1.5 1 ¢ 
X 17.4 1.5 1.6 1 6 
| 160 16.0 16 1.6 16 1.4 
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alveolar CO, tension is about 1.5 mm. It also appears from this tabl 
that the error is slightly greater for girls than for boys. 


lge changes. From the average of determinations made on two days, 


distributions were made at each age level. Class intervals were arranged 
so that the mid-points fell at 11.5, 12.0, 12.5, ete., vears. Since the testing 
interval could not be maintained at exactly six months for each child 
throughout the study, the number of cases varies from 50 to 32 at each 
age category except for 11.5 years and 17.5 vears, where the number falls 
as low as 16. If two tests on the same child fell within the same age 


TABLE 2 
hanges and sex differences in basal alveolar COz tension 


ALVEOLAR pCO: — mm. Hg 


iE y ale: 
Females Mn diff. 
ale — Fe 


male 5-D.Mn diff 


» 


0 6 
0 0 75 


* Mean values for group of 16 year-old children without previous test ex perience 


category only one test (the one nearest the mid-point of that age category) 
was used in computing the age norms shown in table 2. The data show 
a statistically significant rise in alveolar CO» tension in boys between the 
ages of 11.5 and 17.5; no significant change in alveolar CQO, tension in 
girls was observed over the same age range (14). 

Relationship between alveolar pCO, and body size. The surface area for 
each subject was computed from height and weight by the Du Bois for- 
mula (3). Each pCO, value was then divided by the surface area and 
mean values for each age interval were calculated as before. The results 


are shown in table 3 from which it may be seen that with such an adjust- 


11.5 10.5 0.74 10.6 0.64 0.1 0.1 
12.0 11.0 0.50 10.1 0.36 0.9 0.61 1.5 
12.5 41.4 0.38 10.3 0.54 2.0 
13.0 $2.5 0.33 39.8 0.42 0 5.1 
13.5 12.0 0.33 39.6 0.37 4 0.49 
14.0 2.2 0.35 39.4 0.47 2.8 O.5S 
14.5 12.3 0.37 39.6 0.41 2.4 0.55 1.9 
15.0 42.1 0.41 39.0 0.41 3.1 5.3 
15.5 $2.4 0.41 38.6 0.52 0.66 5.8 
16.0 12.3 0.5S 38.8 0.43 3.0 0.72 $4 
16.5 14.0 0.34 39.9 0.49 0.60 6.8 
17.0 $4.2 0.42 10.1 0.51 | 0.66 6.2 
17.5 14.7 0.40 10.4 0.61 is 0.73 5.9 
16.0* 42.4 0.42 10.2 0.60 fer 0.73 3.0 
24.0 13.0 1.4 1.16 L.2 


lar pCO 


signihicant 


\ similar 
body 


{ ] 
for Maes 


x differences 
ALVEOLAR } mM. Hg PER 8Q 


Males 
M 
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MEASURE OF SIZE 


Height + 0.05 
Weight 33 + 0.07 —0.06 
Surface aren + 0.06 0.07 


Stem lengt] + 0.06 0.07 


Discussion. Qur results on repeated tests indicate an error of measure- 
ment of +1.5 mm.Hg in alveolar CO, tension. Since the error is of the 
same order of magnitude for tests made at half-hour intervals or one day 


intervals, this degree of error is attributed to the method of obtaining 


alveolar air samples. Cordero (2) reported a somewhat greater varia 


AGE CHANGES AND SEX DIFFERENCES IN 
ea tor mates and femates are Dot different evonad thie 
( te) Cals 
ght adjustment tor size also resulted in simula 
MMMM and) females (pCO, in mm.Hg per em. height 
rABLE 3 
ige changes and se lensior ljuste 
M SURFACE AREA 
AGE Females Difference 
YEARS 
Male— Fe | Spa 
M M S.D.y, male Devin dit 
11.5 3.3 1.00 2.0 1.26 
12.0 0.56 2.3 ON} 2.9 
12.3 0.5) 29 0.50 2 4 0.7 3.4 
13.0 31.6 0.49 28 .2 0.46 3.4 0.67 
13.5 29.6 0.48 0.41 2.5 0.63 1.0 
14.0 28.6 0.47 26.1 0. 44 2.5 0.64 
14.5 27 0.45 95.7 0.34 1.9 0.57 
15.5 25.8 0.41 25.0 0.35 OLS 0. 54 5 
16.0 24.8 0.45 24 6 0.37 0.2 0.58 03 
16.5 0.35 25.4 0.) 0.52 0:2 
17.0 25.0 0.37 94.8 0.39 0.2 0.54 () 4 
17.5 0.45 25.6 0.57 0.49 0.73 
24.0 23.8 0.59 261 0.749 2.3 03 2.2 
33.0 23.9 0.74 94.4 0 5) 0.5 40 O6 
rABLE 4 
Correlation of body size and alveolar pCO 
16.5-17.5 YEARS 
Bovs and girls Boys rirls 
+ 1] 0.07 + 0.11 
+ 0.11 0.13 + 0.10 “ 
+ 0.10 0.10 + 0.1 ~ 
() |() 0.12 + 0.10 
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bilitw (1.5 2.2 mm.) in alveolar air samples taken at three-minute in- 
tervals, as did Haldane (7) working with a trained subject. 

The age trend in alveolar CO, tension which we have found in boys 
is not in agreement with prey ious reports by Mori (10) and Robinson (11 
However, the number of cases studied by these investigators at each age 
level was small (3-12 cases per 3-vr.-age group) and none of the subjects 
was retested over a period of time. 

Marriott (9) states that ‘In infants, the (alveolar) tension of COs, is 
from 38 to 5 mm. lower than adults,” but no data are given. Daily ob- 
servations of alveolar CO, tension over a two-vear period were reported 
on the same subject when he was 40 vears of age and again when he was 
50 vears old by Shoji (14) and Sasaki (12). In this Japanese subject the 
average pCOs at the age of 40 years was 36.2 mm. while comparable di 
terminations made ten vears later gave an average value of 42.2 mm 
Benedict and Root (1) reported alveolar pCOs of 46 mm. in a single male, 
aged 91 vears. Some evidence for an increase in alveolar pCO. with in- 
creasing age is found in the observations of Fitzgerald and Haldane (5 
since the average pCO, in a group of sixteen bovs (ages 8.5 14) was 37 
mm., While that for a group of twenty-seven males (ages 21-48) was 3 
mm. Similar differences are reported for a group of females. In our ob- 
servations a significant age trend in pCO». of alveolar air is found in boys, 
irrespective of any adjustment for size. In the case of girls, an age trend 
is found only when the values of CO. tension are adjusted for size (see 
table 3) 

Evidence for a sex difference in the average values for alveolar CO, 
tension is based on the findings of Fitzgerald and Haldane (5), who found 
average values of 39.2 mm.Hg for a group of 27 males and 36.2 mm.Hg 
in a group of 32 females. Similar sex differences were reported by Fitz- 
gerald (4) on individuals living at higher altitudes above sea level. Our 
results show that a significant sex difference in alveolar COs. tension first 
appears at the age of 13 vears. It has also been shown that when adjust- 
ment for body size is made, the sex difference disappears after the age 
of 15, although it is significant between the ages of 12.5 and 14.5 vears. 


Our observations show that when alveolar CO, tension is divided by 


the surface area of the individual, mean values for the two sexes are the 
same in adults. If this finding is taken at its face value we might assume 
that the “sex”’ difference is in realitv nothing more than a ‘‘size’’ difference. 
If this is true, then large individuals of either sex should show higher 
alveolar pCO, values than smaller individuals of the same sex. In order 
to test this hypothesis further, the corre. :tion between various measures 
of size (height, weight, surface area, stem length) and the alveolar pCO. 
was computed for each sex separately. The results are shown in table 4. 
Since the correlations do not differ significantly from zero for any of the 
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easures when the se xes are considered separateh 
trate that within a sex group Ol the present sample 
= related to size Examination of the correlation 
ow correlations obtained mav be due to the restricted range ol 
<ize Measurements which results when such a homogeneous grow 
sidered. Before concluding that no relationship exists between 
ilveolar pt ‘Os in a riven SeX, it will be necessary to make mie 
on very large and very small adults of the same sex 

SUMMARY. Determinations of the COs tension of 


hy the Haldane-Priestles technique have been made 


girls and fiftv bovs. Two tests were made under basal conditions on 


of two successive davs. Determinations were made at six-month inte 
on each child between the ages of 11.5 and 17.5 vears Averay 
for bovs and girls were computed for each age level. No sig 
deviations from 39 to 40 mm. in COs tension were found in girls 

the average alveolar pCOs increased from 40.0 mm. at 11.5 te 

17.5 vears. When an adjustment for body size (height o1 

was applied to measurements of pCO». the sex difference disapp 
vond the age of 15 vears Within a given sex no correlat 

<ize as measured by height, weight, surface area, or stem lengt 


demonstrated 
CONCLUSIONS 


1. The alveolar CO, tension of adult males is significantly higher than 


that of adult females. 
2. This sex difference first becomes statisticalh 
of 13 vears. 
3. This difference in alveolar CO» tension of mal and tematles disap 


pears (in adults) if the alveolar CO, tension for each subject is divided b 
height or surface area. 

t. Within a given sex, no significant correlation between body size 
alveolar CO» tension was found in the present series of observations 


5. Possible explanation for the sex difference must le in 


characteristics not present before the age of 13 
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A roentgenogram of a normal rat's skull reveals a mosais 
most marked in the occipital bone and extending less well dey 
the mid sagittal suture in the parietal and frontal bones 
extent this configuration may be seen in other parts of the parietal and 
frontal bones. The normal pattern has been deseribed by Patras (2 
as having the appearance of “ta calcified network the interstices of which 
are much less dense.” 

Thyroparathyvroidectomy atan early age is followed by a disturbance in 
the normal mosaic pattern ol the skull bone (3) which has been described 
Ais obscured bva decrease In the density ol the network 

Oral thyroid therapy (0.02 per cent in the diet) following thyroparaths 
roidectomy, although capable ol producing marked stimulating « ffects on 
the growth curve and skeletal size has been found to have no signihieant 
influence toward restoring the normal mosaic pattern (3) of the skull bone 
This quantity of thyroid though adequate In some respects, mar have been 
inadequate in quantity to alter the details of the configuration We have 


therefore studied the effect ot O.05 pel eent ol desiccated thvroid. pre 


liminary studies having shown that this concentration, administered ove 
a period of 200 davs, is well tolerated by rats The animals (17 females 
used for this study were taken from the Lovola colony which is maintained 
on a diet of Fox Chow ad libitum with bread and meat twice weekly hi 
rats were weaned at the age of 21 days and thvroparathyroidectomized at 
the age of 50 to 58 davs. Immediately after the operation they were given 
a diet which consisted of Fox Chow 99.95 per cent and 0.05 per cent desi 
cated thyroid, Thev received this diet thoughout the course of the ex 
periment which lasted 220 days. At the close of the experiment the ani 
mals were killed with ether and the skull bones removed 
study. 

\ study of the roentgenograms (fig. | showed a signihicant meresase 


the density of all the skull bones but the blurred condition which obscures 
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the normal mosaie pattern following thyroparathyvroidectomy remained 
hese results tend to confirm the suggestion mad bv Patras and Wakerlin 
(3) that thyroid feeding ts capable of increasing the density by a mechanism 
Which permits calcification without maintaining the details of the normal 
pattern 

Since oral thyroid therapy to the extent of 0.05 per cent in the chet 
failed to exert an influence toward restoring the normal mosaic configura- 
tion of the skull, it seemed advisable to study other methods of altering 
ealetum metabolism It is obvious from the nature of the operation that 
the parathvroids may be involved. Since calcium therapy is known to 


control many of the parathyroid deficiency symptoms it seemed reasonabl 


to anticipate that this procedure might restore the normal pattern to the 


skull bone of thyvroparathvroidectomized rats. At least conjunction 
with desiccated th roid, caletum therapy might be found beneficial. 


Fig 1. Skull bones normal rat B, thvroparathyvroidectomized 
thyvroparathvroidectomized rat receiving thyroid therapy. D, thyroparathyroid 
ectomized rat receiving added ealeium but no thvroid in diet | thvropa 


ectomized rat receiving both caleitum and thyroid in diet 


\ diet consisting solely of Fox Chow has been found adequate to main- 
tain a colony of rats ina good state of health and reproduction lor an in- 
definite time. The serum ealeium and phosphorus of normal rats on this 
diet was found by Tweedy and associates (4,5) to average approximately 
1) and 5 mem. per cent respectively. These figures are comparable to 
those commonly given as representing the ealeium and phosphorus con- 
tent of normal blood serum. Following thvroparathyvroidectom, the 
normal caleium-phosphorus balance is not maintained on this diet An 
average serum calcium and phosphorus of approximately 6 and 9 mgm. 
per cent respectively has been found following thvroparathyroidectomys 
(6) unless the diet is changed to one high in calcium and low in phosphorus 
This inability of the thvroparathy roidectomized rat to maintain a normal 
calcium-phosphorus ratio in the blood on a Fox Chow diet may account 
for the blurring of the mosaic pattern in the skull bones. Another possi- 
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bilitv is that there is a function of the thyroid, concerned with 
details of bone structure, not obtained through substitution therapy 
desiccated thyroid. Finally the parathvroids may be involved 


TABLE 1 


RAT FEMURS 


EXPERIMENT 
NUMBER 
RAT NUMBER 
EXPERIMENT 

MBER 


GROUPS 


Length Weight 


7. 


Average 


*M, male; F, female 


directly, through their influence on the caleium-phosphorus ratio of th: 
blood, or through some undescribed mechanism dealing with certain de 
tails of bone pattern. 


To study the hypothesis that calcium therapy in conjunction with 


O19 
ortair 
thre 
4 FEMI 
DIETS 
Lengt! Weight 
] Fox Chow | 27.8 847.7 Fox Chow 77 l 
M* 99 and 308.2 M 18.98 sg 1 5 
CaCO; 1 88 1 27 .6 353.7 CaCO 9 i) 592.4 
2 29.1 485.1 1.4 3 5.0 
26.3 312.0 Des 4 3.2 
+ 26.0 306.4 Chvroi 5 52.8 
5 26.8 305.8 0.02 ) 33.0 84.2 
6 28.0 358.1 7 7 0 
8 27.9 361.0 ) 65.4 
26.4 309.0 10 4.5 17.5 
2 29.3 423.2 42 1 4.0 4 
9Y 1 28.0 347.9 2 S18.4 
2 31.6 489.8 34.5 1 
3 27.3 345.7 1 18.2 
27.9 306.0 2 2.8 4985 
102 1 31.7 487.0 10 | 5 501.¢ 
2 27.8 300.9 2 3 
3 26.4 296.6 0 5 
4 27.8 338.8 4 9.7 
Average 27.9 +0.2! 357.9 +3.0 33.5 104) 635 2.4 
II Same as 84a 1 26.8 31.4 I\ Same as S5Sa 1 29.2 40s 
] above 2 421.4 2 2 400.0 
3 | 26.1 16.8 3 | 29.9 
1 25 266. 4 29.7 433 
2 25.9 289.4 Wa 1 df 420.0 
3 26.3 16.0 2 4 433.4 
94a 1 27.0 324.0 29.7 410.5 
2 | 26.7 323.8 4 | 28 392.1 
Mia 1 26.4 318.9 5 | 29 422.1 
2 7.4 53.0 7a 1 | 29.0 427.5 
) 24.8 253.0 2 1 491 
4 26.6 31.4 10.5 4] 
104a 1 26.9 323.9 4 28.9 
10fa 1 26.4 328.9 1 29.5 4228 
2 27.8 360.4 
26.8 +0.2) 323.9+42.1 29.1 03 | 422.8'44.1 
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desiceated thyroid might contribute to the restoration of the normal mosaik 
pattern in thyroparathvroidectomized animals, 69 albino rats from thi 
same colony and treated as previously described were operated betwee 
the ages of 26 and 381 davs. Following the operation littermates of thi 
Same sex and as near the same weight as practical were divided into 
groups. Groups 1 and 2 (20 males and 15 females respectively) received 
a diet consisting of 99 per cent Fox Chow and | per cent caleium carbonate 
Groups 38 and 4 (20 males and 14 females respectively) received a diet 
consisting of 98.98 per cent Fox Chow, 1 per cent calcium carbonate and 
0.02 per cent desiccated thyroid. All animals were kept on their respective 
diets for 184 davs during which time they were weighed at weekly intervals 
On the 184th day the animals were killed with ether. The skull bones and 
left femurs were removed and cleaned for study. 

The importance of thyroid therapy following thyroparathyvroidectomy 
is demonstrated in the post operative weight curves (fig. 2). A significant 


300 


40 80 120 160 200 


Fig. 2. Weight curves of thyroparathyroidectomized rats. 

Group 1, male rats receiving calcium and thyroid in diet. Group 2, female rats 
receiving calcium and thyroid in diet. Group 3, male rats receiving calcium with no 
thyroid in diet. Group 4, female rats receiving calcium with no thyroid in diet 


difference in the weight curves favoring the groups which received thyroid 
was indicated by the second post-operative week. This difference con- 
tinued at an increasing rate through the succeeding 12 to 14 weeks, after 
which it remained approximately constant. It is notable that the thyroid 
therapy seemed to be more beneficial to the males than to the females. 

Measurements of the femurs (table 1) following their removal showed a 
significant difference in length favoring the groups which received thyroid. 
An average femur length of 27.9 + 0.2 and 26.8 + 0.2 mm. was found for 
the males and females respectively which did not receive desiccated thyroid 
in the diet. An average femur length of 33.5 + 0.004 and 29.6 + 0.03 
mm. was found for the males and females respectively in the groups which 
received thyroid. From these measurements it was found that the average 
length of femurs taken from the male animals was increased 20 per cent 
by thyroid therapy while the average length of femurs taken from the 


females was increased only 10 per cent by thyroid. 
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Che weights of the femurs (table 1) which were obtained after 2 months 


of drving at room temperature presented an even more significant iff 
ence than the lengths displaved. The average weight of femurs taker 
from the animals which did not receive thyroid was 357.9 + 3.0 and 
323.9 + 2.1 mgm. respectively for the males and females while the average 
weight of the femurs from the groups receiving thyroid was 635.3 + 12.4 
and 122.8 + 4.1 Tor the males and temales respecliye hus it 
was found that the weight of the average femur in the case of the mal 
inimals was 77 per cent heavier where thyroid therapy was used while 
the case of the females the average femur was on 2 0 cent tre 

hig. 3. N-rav pietures of femurs of thvroparathvroidectomized rats 

( des ‘ | | ( 

femur of female rat re ng O.O2 p ent cle 
in the thyroid fed eroup Phe densitv and the diameter of the ter 
fig. 3) were considerably greater in the groups receiving thyroid therapy 

Roentgenograms Ol the SKULL bones | rm ait ring Ob the 
mosaic pattern previously deseribed (1 is following thyroparathwroid 


1] 


ectomy. No significant difference could be seen between the detailer 


conhguration of the skull bones of the two groups, except for howmerease i 
density in the groups receiving thyroid therapy 
From these data it is evident that the addition of calcium carbonate te 


the extent ot | per cent toa diet already contaiming 1.36 per cer Cult 
even in association with thyroid therapy, exerts no visible influence to 
restormg the clarity of the mosne conhguration ma the Of 

parathvroidectomized rats Che addition of the above quan 
to Fox Chow raised the caleitum-phosphorus ratio from. approximate 


1.4: ton ratio ot approximate 
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Since calcium therapy, alone or combined with thyroid, fails to restor: 


the normal mosaic pattern of thyvroparathvroidectomized rats the questiol 


of parathvroid therapy becomes most important. 


SUMMARY 


1. Administration of 0.05 per cent desiccated thyroid in a Fox Chow diet 
Was of no more value than that of 0.02 per cent in restoring the mosai 
configuration of the skull bones of thvroperathyvroidectomized rats; the 
bone densitv, however, was greatly increased in the first case. 

2. Raising the caletum-phosphorus ratio in a diet of Fox Chow from 
toa ratio of L.S8:1 by the addition of 1 per cent caletum carbonat: 
exerted no significant effect on the mosaic pattern in the skull bones of 
thyvroparathyroidectomized rats. 

3. Thyroid therapy (0.02 per cent desiccated thyroid in the diet) in 
association with calcium therapy (Fox Chow fortified by 1 per cent calcium 
carbonate) did not lessen the blurring of the mosaic configuration im the 
skull bones of thyroparathyvroidectomized rats, 

t. A beneficial effeet from thy roid feeding was noticeable in the growth 
curve and the length of the femurs of thyvroparathyvroidectomized rats on 
a Fox Chow diet containing an additional | per cent caleium carbonate. 
5. The density of skull bones and femurs of thyvroparathyvroidectomized 
rats ona diet of Fox Chow fortified with | per cent calcium carbonate was 
increased by the addition of desiccated thyroid (0.02 per cent) to the diet 
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Of the various theories suggested for the etiology of surgical shock, one 


which has received a considerable amount of attention is the possible 


liberation of histamine or some closely related substance from the tissues 
following trauma. The fact that histamine may be extracted from most 
tissues and the similarity of the changes produced by large doses of his- 
tamine to those associated with traumatic shock has supported the idea 
that a histamine-like substance may be the causative factor in shock. 
Histamine has an advantage over many experimental surgical methods for 
producing shock, since it can be injected in graded doses, and strictly 
comparable studies conducted. In the experiments to be reported, rats 
have been treated with histamine. Although this species can tolerate 
relatively enormous doses of histamine, it is especially suitable for studying 
the effects of hypophysectomy and adrenalectomy. Furthermore, the 
rat has been frequently used in assay tests for adrenal extracts and cortico- 
trophic hormone. Comparative studies, therefore, have been made on 
the toxicity of histamine and the effects on blood volume, as indicated by 
the hemoglobin changes in normal animals, and in those following removal 
of the adrenals or pituitary gland. The effect of treatment with desoxy- 
corticosterone has been determined in adrenalectomised and hypophysee- 
tomised animals, and with corticotrophic hormone in hypophysectomised 
rats. 

MertrHops. In most cases adult rats (150 to 200 grams) of a hooded 
strain maintained in the laboratory have been used. Hypophysectomy 
or adrenalectomy was performed under ether anesthesia and animals sub- 
jected to the latter operation were maintained on 0.9 per cent NaCl in- 
stead of drinking water, except where noted. In control experiments 
approximately 90 per cent of rats of this strain die within 21 days following 
adrenalectomy without salt treatment. The diet consisted of Purina 
lox chow. Histamine dihydrochloride in a 5 per cent solution was given 
as a single subcutaneous injection. Doses were calculated in terms of bod, 
weight and are expressed as the dihydrochloride and not the free base 
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Hemoglobin determinations were made on 0.2 ce. of blood drawn from 
tail and measured by an Evelvn electric photo-colorimeter. The result 
are expressed as a percentage of the control value which was obtained {i 
each animal — the control value is also given as grams per cent (calculate 
as for human blood). The corticotrophic extracts were administered | 
subeutaneous daily injections. Desoxycorticosterone acetate it 
jected in a solution of corn oil or made into hard pellets which were in 
planted into the subcutaneous tissues. In one experiment crystals wet 
similarly implanted. 

The corticotrophie extracts used were weak acid hvdroly sates of whol 
pituitaries of cattle partly detoxified by treatment with 1 per cent an 
monia on a boiling water bath for one hour. The ammonia was remove 
by vacuum distillation. Very little success has been had as vet in fra 
tionating these into active and inactive fractions. The corticotrophi 
potency of different extracts has been related more directly to 
solid content than to any other factor. 

RESI LTS. Toxicity of histamine normal, adrenalectomised and 
hypophysectomised rats. The animals used in these experiments wer 
hypophysectomised from 14 to 16 days previously and were in good genera 
condition. The adrenalectomised rats had been operated on from 6 to S 
days previously, and were maintained on 0.9 per cent NaCl. From tabl 
1 it may be seen that normal rats were so markedly resistant to large 
subeutaneous doses of histamine that even the largest dose tested (1,50 
mgm. per kgm.) did not kill the animals. Following hypophysectomy thi 
rats became more susceptible, and a dose of 200 mgm. of histamine p 
kgm. caused some mortality, while 650 mgm. per kgm. produced death i 
85 per cent of the animals. In subsequent experiments to attempt. to 
increase the resistance against histamine, 650 mgm. per kgm. has beet 
used as the test dose. Adrenalectomised rats maintained on saline wer 
also more susceptible to histamine, probably slightly more so than 
hypophysectomised animals. 

Toxicity of histamine in treated hypophysectomised rats. Starting im- 
mediately following hypophysectomy, groups of female rats were treated 
with three different corticotrophic extracts. After 14 to 16 days they 
received 650 mgm. per kgm. of histamine, by subcutaneous injection, 
dose corresponding to that which killed 85 per cent of untreated hypophy- 
sectomised animals. Another group of animals received crystals of desoxy 
corticosterone implanted into the subcutaneous tissue at time of 
hvypophysectomy, and a third group received subcutaneous injections o! 
desoxycorticosterone in oil for 14 days. These results may be seen in 


table 2. Of the corticotrophic extracts used, no. 278 produced the greatest 


adrenal enlargement (average weight of adrenals = 42.5 mgm.) and com 
pletely protected the animals against the test dose of histamine. Thi 
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ve extracts possibly afforded - 
corticosterone showed no The 


pparently dissolved rapidly so that alte! 


found 


1 000-1200 
1,500 


Hy pophysectomised 
Hy pophysectomised 
Hy pophy sectomuist d 


Hy pophy sectomised 


Adrenalectomised 
\drenaleectomised 


Adrenalectomised 


TABLE 2 


histamine on treated hypo} 


DOSE 
NUM- 
BER OF ; )TROPHIC EXTRACT It HISTAMINE 


RATS NUMBER DIHYDRO 
CHLORIDE 


mgm. per 


kon 
331 § 650 
215 650 


278 650 


CORTICOSTERONE 


Subcutan 


In oi] 


Toxicity of histamine treated nalectomise 
after adrenalectomy pellets of desoxycorticosterone of from 5 t 
weight were implanted into the subcutaneous tissue. In one 


life was maintained even though thev did not receive saline 


other group had saline to drink in addition to the pellets 


histamine after 12 to 14 days of treatment. 


ND N M (25 
| 5 lays only traces of tl ld 
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Normal ) 
Normal 0 
2 Norma! 0) 
2 0) 
12 = 
10.0 
200) 33.3 
S 500 62.5 17 
1] 650 4 74 
AVERAGE 4 EN 
fORTALITY 4 E 
AFTER 
Wt 
HISTAMINE 
6 66 7 29 5 
2H 25 0 
5 0) 12.5 
XY roTal 
DOSE 
5 BEB enous crystals 5-10 650 100 34 13 
6 7 | 650 100 28 3 
Immediate 
oS mgm. ih 
rroup OF rats 
The 
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It may be seen from table 3 that desoxvcorticosterone markedly raised 
the resistance in some animals when compared with the figures obtained 
for untreated adrenalectomised rats. — It appeared that the animals which 
showed the greatest weight gain after adrenalectomy were more resistant 
to histamine than those which failed to gain weight normally. 

Hemoglobin values after histamine in normal, hypophysectomised and 
adrenalectomised rats. Hemoglobin determinations have been made on 
many of the above animals to give some indication of the changes occurring 
in the blood volume. In one experiment with normal rats the absorption 
of the histamine was prolonged by administering it in a 2 per cent solution 
of zine acetate (1). No mortalitv was encountered following this pro- 
cedure, but the effeets on hemoglobin are included in table 4.0 Only a few 
isolated observations were made on the adrenalectomised animals. 

These results indicate that in normal rats the concentration of hemx 


globin is maximal very shortly following the injection of histamine, usualh 


TABLE 3 
eated adrenalectomised 


DOSE AVERAGE 
HISTAMINE MORT IT IME DEATH 
DIHYDR¢ AFTER 
CHLORIDE HISTAMINE 


BODY 
WEIGHT 
HANGE 


78 
61 


157 


in 30 minutes, and in some animals where determinations were made, as 
early as 15 minutes. Following this the hemoglobin returns gradually to 
normal, but with the larger dose of histamine it may still be raised after 
6 hours. Valnes below normal usually are found at 2 still later period. 
Following a histamine dose of 1500 mgm. per kgm. a rapid fall in hemo- 
globin occurred following the initial rise. In the experiment where the 
absorption of the histamine was retarded a gradual increase in hemoglobin 
values continued up to 6 hours, differing markedly from the effects of a 
similar dose of histamine alone, but with no change in mortality. In 
hypophvsectomised animals the changes in hemoglobin values are essen- 
tially similar to those found for normals, except that even with small doses 
of histamine the increased hemoglobin values usually continue for at least 
6 hours. In adrenalectomised animals some extremely high values were 
noted, 

Ie moglobin values in treated hypophysectomised rats, Hemoglobin 


determinations were made on the hvpophysectomised rats treated with 


corticotrophie extracts and with desoxycorticosterone as previously 


described. These results may be seen in table 5. In these animals it 
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TABLE 5 


Hemoglobin values in treated hypophysectomised rats 


DOSE 
HISTA GRA PERCENTAG 
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DIHY- GLOBIN 
DRO PER 100 
( 


TREATED 
EXTRACT 


Corticotrophic 
331 


Corticotrophic 


215 


100 114 


Desoxy corti 
ne 
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Desoxycorti- 
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lemoglobin values in untreated normal, ed ane adrer 
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ATS rs 4 
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nthat the hemoglobin values remained hi 


eh uptow hou sin th 


es Where little or no protection was afforded by the treatm 


However, in the group of rats completely protected, the hemoglobin values 


following the initial increase, returned rapidly to normal ina fashion similar 
to that found to occur in normal intact rats. 

Li ffeet of histamine on fluid intake and urine output. \ number ol tt 
rats which were treated with histamine were maintained before and aft 
injection under conditions so that measurements of fluid intake and output 


could be made. These results have been recorded in table 6. In thi 


normal animals it may be noted that in the first hour after histamine 


increase In water intake oceurred. During this pe riod the rats wer 
obyvrously thirsty and lav near the water supply. After the first hour litt) 


TABLE 6 


Water intake and urine output in normal and hypophysectomised rats after histam 


NUM- AVER- AVERAGE PER RAT-—CC. IN HOURS AFTER 
AGE OF 


| 3 STA- HISTAMINE 
— CONDITION PRECED- 
MINE 
NG 


3 DAYS 


mgm./kgm. 
Normal 650 
Water intake 2 ) 10.4 10.4 
Urine output 7 0 3.0 
Hy pophy- 50-650 
sectomised Water inta 
Urine outp 
Hypophy- 650 


sectomised Water inta 
treated Urine output 
ext. 278) 


more water was consumed. The urine output was negligible for the first 
two hours and then diuresis commenced. For the 24 hour period afte: 
histamine the water intake was always increased and the urine output 
markedly so when compared with the values obtained preceding the 
injection. Similar changes have been observed previously by Howlett and 
Browne (2). In the hvpophysectomised animals a somewhat different 
pieture was presented. In no case was polvuria encountered and the 
water intake, while increased initially, was never found to be above the 
control figures. Similarly, in the rats treated with corticotrophic extract 
278, which afforded complete protection from histamine, the fluid changes 
were as those described for hypophysectomised and not for normal animals. 

It was thought that the inability of the hyvpophysectomised rat to ex- 
crete ingested or injected water in a normal manner might be a factor in 
the failure of the above animals to develop polyuria after histamine. A 
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HYPOPHYSIS AND ADRENAI 


series of rats were therefore injected Intraperitone ally 


their body weight of water. This was preferable to oral administration 


as previous starvation was not necessary. Normal rats were found to 
excrete approximately 50 per cent of the injected water within 23 hours 
In 65 tests on hypophy sectomised rats, however, less than 0.5 per cent 
of the injected water was excreted. The hypophysectomised 

treated with extract 278, as just deseribed, also showed this 

develop a diuresis following injected water. 

Discussion. In the experiments described the toxic effects of histamine 
on rats have been determined after removal of the pituitary and adrenal 
glands and after subsequent replacement therapy. It has been found that 
hypophysectomy or adrenalectomy lowers the resistance of ats so that 
death results from a dose of histamine which does not kill normal animals 
Under the experimental conditions rats adrenalectomised from 6 to 8 day 
were slightly more susceptible than those tested two weeks after hy pophy 
sectomy. This observation would suggest that the atrophic adrenals ot 
the hypophysectomised animal are still functional to some extent. “Phis 
has frequently been suggested from the evidence that the hypophyse: 
tomised rat does not die of acute adrenal insufficiency. Treatment alte 
hypophysectomy with a suitable corticotrophic extract was followed by 
increase in weight of the adrenal glands, and an apparent increased rr 
sistance of the animal to histamine. These results confirm the 
reported by Perla and his associates in a series of Observations. “Thev have 
shown that not only cortical extract or corticotrophic extracts effectivel 
increased the resistance of hypophysectomised rats to histamine (3, 4, ‘ 
but also the beneficial effects of cortin in adrenalectomised rats (6 

The adrenalectomised animals which were studied were maintained on 
NaCl and such animals were obviously more susceptible to histamine than 
were normal rats. It is probable that cessation of salt treatment would 
have resulted in an even increased susceptibility as the general condition 
of the animal deteriorated. These results, therefore, confirm Perla and 
Sandberg (7) who state that “administration of salt to suprarenalectomised 
rats will raise the resistance slightly, but not to a degree comparable to that 
obtained with injections of suprarenal cortical hormone.” They do not 
confirm the generalization made by Selve (8) that with salt treatment 
“the resistance to drugs is almost completely restored to normal” in thi 
adrenalectomised rat. Treatment of the adrenalectomised rats by desoxy- 
corticosterone with or without salt apparently resulted in a lowered 
mortality from histamine. <A difference in mortality was apparently asso- 
ciated with the response to treatment as indicated by the weight increas 
of these animals. Those which gained the greatest in weight resisted 
successfully the effects of the histamine. On the other hand, in hypophy- 
sectomised rats desoxycorticosterone Was Of no protective value. 
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The changes in hemoglobin have been considered as an approximat: 
index of the alterations in blood volume in the animal. Following 
moderate dose of histamine the normal rat showed definite hemoconcet 
tration which was maximal in about 30 minutes after the injection. Ther 
after, dilution occurred so that the hemoglobin was normal after a few hour- 
and, ultimately, at 24 hours, evidence of increased blood dilution wa, 


found. With larger doses of histamine the changes were similar excep! 


that the initial hemoconcentration was greater, the following dilutior 
occurred more gradually, and by 24 hours considerable blood dilution had 
occurred, The hypophysectomised and adrenalectomised rats showed 
similar alterations but all these were increased in magnitude. The blood 
concentration was usually greater, especially after adrenalectomy, than 
that found in normal rats, and the following dilution was very gradual, so 
that even after 6 hours the blood was still concentrated. When hypophy- 
sectomised rats were treated with corticotrophic extract 278 the changes 
in hemoglobin were similar to those noted for normal rather than for 
hypophysectomised rats. These results indicate that the adrenal glands 
are intimately associated with the processes which enable blood dilution 
to occur following the initial hemoconcentration. In general, it may be 
seen that the groups of rats which showed less initial hemoconcentration 
and a more rapid and complete secondary blood dilution were ones which 
were not killed by the histamine treatment. This would suggest that the 
mortality might be related to the changes associated with hemoconcentra- 
tion per se. However, when individual animals were considered, it was 
noted that animals may show relatively good blood dilution and vet die 
Conversely, rats in which the blood remained concentrated sometimes 
survived. The latter condition was readily produced in normal rats by 
retarding the absorption of the histamine. Changes in blood volume, 
therefore, could be used as an approximate indication as to whethe: 
fatality would occur, but only in large groups of animals and not in in- 
dividual cases. 

The actual hemoglobin content of the blood of the rats before histamin: 
treatment showed extreme variations. Even in the normal animals value= 
from 12.62 to 18.76 grams per 100 ce. were encountered. This would 
suggest the imperativeness of obtaining hemoglobin values before and 
after subjecting rats to conditions simulating shock, rather than to com- 
pare the hemoglobin of one group of normal animals with that of anothe: 
group after shock (9). Admittedly, the use of hemoglobin changes as an 
indication of changes in blood volume is open to criticism. In the experi- 
ments described, however, the changes in hemoglobin have oceurred in an 
orderly fashion, and as such are probably a fairly true indication of changes 
in the blood volume. In one case where histamine in a dose of 1500 mgm. 
per kgm. was injected, an unusual curve for hemoglobin was obtained, 
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ossiblyv re lated to the amount of solid injected 

( hnique deseribed ntailed less chanes erro) 

the “freely circulating blood” which might be collect 
utting of the carotid artery and jugular vein, as has been 


It was hoped that the findings which were ol 


tained mig 
o the general problem of surgical shock, although histamin 
ducing some changes similar to those seen with shock 
proven to be a factor in the etiology of that condition 


mine as a chemical method for the production of a shock-!il 


however, is probably more within the limits of 


than treatment with more drastic substances, such as formualdehy 


mechanism of the hemoconcentration in shock has been discussed | 
11), and is supposedly associated with an increased permeabilit 
iged capillaries allowing the escape of plasma from the blood sti 
rapidity with which both the concentration and dilution of the 
found to oecur in the normal rats suggests that the alteratioi 
permeability was very brief: damage in a structural sense to thu 
could hardly have taken place. In hypophysectomised animats 
the duration of the hemoconcentration was more prolonged, the initial 
values were only slightly increased were capillary damage the explanation 
of the prolonged blood concentration one might expect much higher initial 
levels. From these results it might be suggested that some change in the 
blood itself or in the tissues with a resulting transfer of plasma would seem 
a more probable explanation than a primary local damaging action on the 
capillaries. 

The restoration of the adrenal glands of the hypophysectomised 
normal and the associated increased resistance to histamine 
since adrenal extracts have been used in shock therapy. Beneficial results 
of cortin treatment have now been reported by a number of workers both 
in experimental animals and in humans. A recent review of these reports 
is contained in the article by Weil, Rose and Browne (12). The effects 
of desoxyeorticosterone alone are more difficult to evaluate as there are a 
number of contradictory publications on its value (13 Che findings of 
Weil, Rose and Browne (12 ; and of Selve and Dosne (14 suggest that 
desoxycorticosterone alone has little value in preventing mortality follow- 
ing experimentally produced shock. * Corticosterone, on the other hand 
seemed much more effective. In a recent publication Swingle, Hays, 
Remington, Collings and Parkins (15) have found that desoxycorticosterom 
would effectively prevent mortality following muscle trauma in adrenalec- 
tomised dogs, but had no protective value following trauma of the gastro- 
intestinal tract. This suggests a possible difference in etiology for those 
tvpes of shock (or at least a quantitative difference) and may help to 
explain the discrepancies in previous reports. 
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SUMMARY 


The toxicity of histamine has been studied in normal, adrenalectomised 
and hypophysectomised rats. Similarly, hypophysectomised rats treated 
with corticotrophic extract or with desoxycorticosterone acetate and 
adrenalectomised rats treated with desoxycorticosterone acetate hav: 
been tested. Treatment of hypophysectomised rats with corticotrophi: 
hormone greatly increased their previously lowered resistance to histamin: 
but desoxvcorticosterone had no effect. Adrenalectomised rats maintained 
on oral saline showed a low tolerance to histamine, but this could by 
increased by desoxycorticosterone treatment. 

fepeated hemoglobin determinations were made on many of the rats 
studied as an indication of changes in blood volume. Normal animals 
showed hemoconcentration to be maximal 30 minutes after the histamine 
injection, Thereafter, blood dilution took place rapidly, so that the normal 
values were obtained by 6 hours. Further blood dilution was seen at 24 
hours. Increasing the dose of histamine led to a slightly increased degree 
of concentration, and a more gradual hemodilution. These changes were 
all exaggerated hypophysectomised and adrenalectomised animals. 
When the former rats were treated with a suitable corticotrophic extract 
affording protection, the hemoglobin changes found resembled those 
described for normal rats. 

Polydipsia was observed during the first hour only after histamine, and 
in normal animals polyuria always occurred in the first 24 hours. In 
hypophysectomised animals polyuria was never observed. The latter 
observation may be related to the inability of the hypophysectomised rat 
to develop polvuria following the ingestion or injection of water. Cortico- 
trophic hormone did not restore this derangement in water excretion. 


This research has been conducted through the support of the National 
tesearch Council of Canada. We wish to thank Mr. C. Larsen for tech- 
nical assistance in these experiments. The desoxycorticosterone acetate 
was generously supplied by Dr. E. C. Schwenk of the Schering Corpora- 
tion, Bloomfield, N. J. 
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INEFFECTIVENESS OF VAGAL STIMULATION ON 
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Seattered reports can be found which suggest that stimulation of 
vagus may abolish or modify the character of ventricular. fibrillation 


The most systematic study was that of Garrey (1), who concluded that 


“in a certain, though small, percentage of dogs stimulation of the vag 
nerve will alter the character of or even stop ventricular fibrillation 
The fact is stressed, however, that some aberrant condition of the my 
cardium must exist, in order to achieve such effects. 

In view of a possible practical value of the method in cardiac resuscits 
tion, the effieaey of the procedure has been tested over a period of 17 veat 
in this laboratory and, following the general suggestions of Garrey, seriou 
attempts have been made to discover conditions which might favor suc! 
recovery. A review of protocols of experiments from May 29, 1923 to the 
present day discloses that one or several attempts to restore coérdinated 
beats through vagus stimulation were made in 78 dogs. These and many 
unrecorded trials were all negative. Hence, the briefest possible summar 
is indicated. 

Dogs were anesthetized in various ways, among them by chloretone, 
sodium barbital, amytal, dial and ether, usually, but not always, preceded 
by 2 ce. 2 per cent solution morphine sulfate. In most of the experiments 
both vagi were excited in turn by the strongest feasible induction shocks: 
in two experiments A-C currents ranging from 30 to 1000 cycles per second 
were used. In many experiments both vagus nerves were excited simul- 
taneously, hoping to improve the quantal value of impulses, 

Our conclusion that the vagus nerve is incapable of influencing ventricu 
lar fibrillation is based on experiments empirically grouped as follows: 

|. A group of experiments, carried out in conjunction with Doctor- 
Bell, Theisen, Shaw and Paine (2) in 1929-30, on 18 dogs in which fibrilla 
tion was induced by faradic stimulation of the right ventricle. In each o! 
these, the right or left vagus nerves were stimulated , to 6 minutes afte! 


‘The continuance of these investigations was made possible by a grant from the 
John and Mary R. Markle Foundation. 
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VENTRICULAR FIBRILLATION AND VAGAL STIMULATION 


nduetion of fibrillation. The observations were all made at 
of an experiment. The effects were consistently negativ: 
died of fibrillation. 
2. A group of experiments on 35 dogs in which fibrillation was « 
associated with, various acts or procedures. Thus, fibrillation 
in induced premature contraction, insertion of an optical 
through the myocardium, excessive hyperthermia, sever 
ise of KCI, quinidine, infusion of digitalis, strophanthir 
thiamine, lactic acid, ete. In all except four of these, fibrillation occurred 


> 


toward the end of experiments which were 8 to 5 hours in duration. The 
heart was in poor condition dynamic . but conduction disturbances 
were present only in the experiments involving use of IKWCI, quinidine, 
digitalis and strophanthin. In no instance was revival accomplished 
3. A group of experiments on 12 dogs performed in association 

Doctors Orias, Cotton, Tennant and Green, in which fibrillation followed 
after continued coronary occlusion or upon release of a temporarily oecluded 
coronary vessel. In these experiments, fibrillation occurred at) variou 
intervals after the beginning of an experiment. By this time we wer 


beginning to employ the countershock method of Hooker et al., and in 5 
dogs this revived the ventricles when vagus stimulation applied § to 2 
minutes after onset of fibrillation had been without effect. In 6 dogs no 
revival occurred; in the other countershock was not tried. 

1A group of experiments on 8 dogs carried out in association with 
H. Wiggers in which fibrillation occurred during coronary occlusion (ramus 
descendens). With the recognition that fibrillation evolutes through four 
stages (2), attempts were made to start the vagus stimulation during the 
undulatory, convulsive, tremulous and atonic phases, i.c., immediately 
after its induction until 4 minutes thereafter. Since such fibrillation 
recurred repeatedly during these experiments and could be abrogated 
successfully by use of countershock in the majority, the effect of vagal 
excitation was tried at different times of a protracted experiment, in one 
instance 9 times. Again the results were negative. 


5. A group of experiments on 5 dogs carried out during the past vear 
with Doctor Wégria in which fibrillation was produced by a single shock 
during the vulnerable phase. By use of the method of serial defibrillation 
(3) the ventricles were revived three to five times, when previous stimula- 
tion of both vagi proved ineffective 

I ffect on the character of the fib tllation. Owing to the continual changes 


in the appearance of the fibrillary movements or of electrical and myo- 


graphic recordings, the conclusion that visual or recorded changes observed 


are due to vagal stimulation must be guardedly drawn. ‘The only changes 
which would be convincing to us are a reversal of tremulous to coarser 01 


undulatory types of contraction such as follow a series of weak A-C shocks 
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Llowever, changes in this direction have never been witnessed 


rrded It is om Impression that the course of the evoluting chang 
ibrillation is not changed in the least bv vagus stimulation. 
explanation to offer as to the reason for our unfavorable res 


more favorable reports by others. 


SUMMARY AND CONCLUSIONS 


In numerous trials on 78 dogs in which ventricular” fibrillation 
induced by various means and at various times during the course of 
experiment, stimulation of the vagus nerves by strong faradic shocks «a 
at different times after onset of fibrillation never restored normal coérd 
nated beats nor produced convincing changes in the usual trend of t] 
fibrillating process. Two corollaries follow: 7, the method is obvious! 
without value as a resuscitating agent; and 2, crucial proof that the vag 
has any effect on the fibrillating or normally contracting dog’s ventric 


still remains to be produced, 
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SALIVATION IN RESPONSE TO LOCALIZED STIMULATION 
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The position of the salivary nuclei and the intramedullary course of thei 
efferents have not been precisely determined, and the literature on the 
subject is controversial. Claude Bernard (1856) observed a submanillary 
flow in the dog upon puncturing the floor of the fourth ventricle slightly in 
front of the diabetic center, a little behind the origin of the trigeminal 
He gives no information as to whether this flow was ipsilateral or bilateral 
Loeb (1870) was able to secure predominantly ipsilateral parotid as well 
as bilateral submaxillary salivation also by damaging the floor of the fourth 
ventricle in dogs. Griitzner (1873) stimulated the medulla of dogs elec- 
trieally and obtained a copious predominantly ipsilateral submaxillary 
secretion. Beck (1898) destroved various parts of the medulla in dogs and 
found that reflex submaxillary salivation was unimpaired so long as the 
region of the facial nucleus remained undamaged. Woster (1900), on the 


basis of rather scanty clinical evidence, believed the salivary centers lay 


caudal to the facial nucleus. 

Kohnstamm (1902a, 1902b, 1903, 1907), using the method of chroma- 
tolysis in dogs, described a submaxillary center with crossed and uncrossed 
efferents lving widely distributed in the reticular formation above the 
facial and trigeminal motor nuclei, and a parotid center, likewise with 
crossed and uncrossed efferents, lving between the inferior olive and the 
nucleus ambiguus. Bechterew (1908) and Solomowicz (1908) extirpated 
the submaxillary gland in dogs; their results, in general, agreed with 
those of Kohnstamm. 

After cutting the chorda tympani in dogs, Yagita and Havama (1909) 
observed degenerated cells of the visceral motor type lying in the reticulai 
formation above the posterior third of the facial nucleus, predominantly, 
on the operated side. After sectioning the tympanic nerve, they concluded 
that the parotid center was a direct caudal continuation of the submaxil- 
lary center. Later Yagita (1909) repeated the latter operation with more 

1 This work was carried out in the laboratory of Dr. R. 8. Morison, to whom I 


extremely grateful for advice during the experiments and the writing of this | 


[ also want to thank Mr. John Galt for his assistance at th peratly pro edure 
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and deseribed a parotid nucleus most conspicuous between 


eaudal end of the facial nucleus and the cranial end of the nucleus ambiguus 
ventromedial to the spinal vestibular nucleus. (gain the degenerat: 
slay mostly on the operated side. 

By unipolar faradie stimulation of the surface of the medulla in cat 
Miller (1913) was able to locate two points, one giving rise to submanillan 
the other to parotid secretion. Both results were ipsilateral, and 
salivation was obtained from stimulation in the midline. 

In brief, several investigations, predominantly carried out on the dog 
have shown that in the medulla there are a submaniliary and a paroti 
secretory nucleus. There is no general agreement as to their exact Pos 
tion, nor on the question of whether their efferents are ipsilateral or bi 
lateral The present paper is a report of the further localization of the 
salivary centers in the eat by means of exploration of the medulla with 
stimulating electrodes, 

\MIernop. Cats anesthetized with dial (Ciba, 0.7 ce. per kgm. intra 
peritoneally ) were used. Fine glass cannulas were inserted into” the 
submaxillary and parotid duets. Errors due to differences in the calibers 
of the cannulas were eliminated by having an observer record the numbe1 
of drops of saliva falling from each cannula after an intravenous injection 
of acetylcholine. 

The occiput was exposed by dissection of the overlying muscles, the 
atlanto-occipital membrane reflected, and the bone removed with rongeurs 
until sufficient exposure of the medulla was obtained. The cerebellum 
was left in place, the electrode being inserted through it when the occasion 
arose. In some of the cats the cervical svmpathetics were cut bilaterally 
to insure that only the parasympathetic centers were involved. This 
procedure appeared to make no significant difference in the results. — In 
several experiments blood pressure was recorded with a mercury ma- 
nometer connected to a femoral arterv. 

For exploration a concentric bipolar electrode was used, mounted in a 
metal frame in such a way that its position in space could be read on thre¢ 
scales. This instrument has been deseribed elsewhere as adapted for use 
as a modified Horsley-Clarke apparatus (Morison, Dempsey and Morison, 
1941). Current was supplied by a Harvard inductorium with 6 volts in 
the primary circuit and the secondary at a distance of 12 em. Whenever 
salivation was obtained an observer recorded the number of drops, the 
side, the readings on the scales at that point, and the reading on the vertical 
scale when the electrode just touched the surface of the medulla or cere- 
bellum (to avoid later errors due to shrinkage of the fixed brain). At the 
conclusion of each experiment the medulla, pons and cerebellum were re- 
moved intact and fixed in formalin for microscopic examination of serial 
sections after Nissl staining. 


SALIVATION AND LOCALIZED STIMULATION 


Resutts. A. Areas producing salivati 

levels between the principal nucleus of the fiith nerve 
the rostral level of the nucleus ambiguus posteriorly gave 
f the salivary glands. In the majority of positions (fig. 1, a1 
some secretion Was produced in both the submanillary and 
homolateral to the side stimulated. 


(reas which gave rise to activity of the parotid only were found s 


tered through the reticular substance especially In regions 1 


ki medial, dors: 


} 


lg 


and posterior to the facial nucleus and anterior to. thi 


Fig. 1. Diagrammatic reconstruction of the 
Potter showing the loeation of where stil 
lorsal view; B, sagittal projection. Open triangle 
salivation: solid triangles, bilateral parotid salivation: | 
submaxillary salivation; solid circles, bilateral submaxillary 
Roman numerals refer to nuclei WV, motor V: \.AMB 
superior olive; JO, inferior olive. Areas outlined by st 


ppin 


are 


1, area 2). Points rostral facial nucleus yielded predominanth 
submaxillary effects (fig. 1, 
Bilateral effects were occasionally encountered instance both 


submaxillary glands were activated by stimulation of a point near thi 


lateral border of the genu of the facial nerve. Bilateral parotid effect 


were recorded more posteriorly, 
B. Associated striated muscle movements. In eonfirmation 
tomical identification of the points mentioned above, the most marked 


submaxillary salivation was accompanied by movement of the facial 
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musculature Movements of the pharvnx and larvnx were frequent 
companiments of maximal parotid effects 

(. Bload PFESSure changes As was to be expected from the proximity 
the regions stimulated in these experiments to the location of the vaso 
motor “center,” blood pressure changes were frequently produced. Sa 
vation was, however, not significantly affected, similar results being e1 
countered either in the presence or absence of the alterations in vascul 
tension 

Discussion. In any stimulations of the central nervous system suc! 
as those reported here, the question arises as to whether fibres or nuck 
structures are being activated. Presumably both types of elements wer 
involved in the present study and account, at least in part, for the results 
obtained. Simultaneous activation of the submaxillary and parotid gland 
of one side and the frequent bilateral effects observed suggest the involv: 
ment of afferents, especially taste fibres from the glossopharyngeal o 
nervus intermedius. Thus in figure 1, area | presumably represents taste 
fibres or cells associated with the tractus solitarius; and area 3 may by 
thought of as containing association fibres of one sort or another running 
to the predominantly submaxillary nucleus anteriorly and the parotid 
nucleus dorsally and posteriorly, Crossed efferent fibres from the salivary 
nuclei have been mentioned by various observers, as pointed out in thi 
introduction to this paper. The a prior? more likely possibility of crossed 
afferents renders it impossible to decide the question of crossed efferents 
on the basis of the present experiments. 

The finding of predominantly submaxillary points in the position i 
dicated as area 4 (fig. 1) and including the rostral parts of area 3. corre 
sponds well with the position of the nucleus as outlined by retrograck 
degeneration after cutting the chorda tympani in the dog (Yagita and 
Havama, 1909) and with the efferents in the facial nerve. Area 2 and 
some of areas3 which gave strong parotid effects lie close to regions simi- 
larly indicated by Yagita (1909) for the parotid. Presumably the greate: 
concentration of active elements supplied by the grouping of afferents, 


efferents and cells in nuclear regions results in the relative predominans 


of their responses, 


SUMMARY 


By electrical exploration of the medulla in cats, it was found that stimu- 
lation of various points vielded salivation. These points lay mostly 1 
the reticular formation and in the region of the intramedullary course of the 
facial or glossopharvngeal nerves. 

Points which gave predominantly submaxillary salivation, with the 


exception of those associated with the facial efferents, lay mostly rostral 
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id medial to the middle 
garded as representing the submanillarv center. 

Points primarily concerned with parotid salivation were concentrated 
audal to and above the submanillary center, and medial to and above the 
ranial end of the nucleus ambiguus 

Both ipsilateral and bilateral salivation were obtained from unilateral 


timulation, with or without accompanying blood pressure rises. 
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\lterations of intrathoracic pressure associated with the different phast 
of respiration are considered to be of importance in facilitating the retur 
of blood to the thorax and, consequently, respiratory variations of cardia 
output. Many studies have been made of direct cardiac volume chang: 
with open chest and artificial respiration, but observations with intact 
thorax and normal respiration have been rare. The literature up to 192 
has been critically reviewed by Wiggers (1921), and references in the present 
report will be mainly confined to more recent work. 

It has been generally assumed that increased depth and rate of respira- 
tion increases the ‘‘aspiratory”’ effect of the thorax and hence the inflow 
of blood to the right heart (Burton-Opitz, 1902, 1914; Hooker, 1921; 
Wiggers, 1921; Visscher, Rupp and Scott, 1924; Heinbecker, 1927). Thus, 
by increasing the inflow of blood during inspiration or during exercisé 
there is necessarily an augmented output of the right (Heinbecker, 1927 
or both ventricles (White and Moore, 1925). There was no direct experi 
mental evidence in support of these views until Eyster and Hicks (1933 
made direct cardiac output determinations with a closed chest. The) 


found inspiration to be associated with a greater diastolic size than expira 


tion, but a decreased stroke volume. These results are in apparent contra 
diction to the Starling principle. 

1. Ventricular volume chang s. Medium-sized dogs anesthetized with 
sodium barbital were used. With artificial respiration supplied by means 
of interrupted blasts, the fifth rib on the left was resected and a metal 
truncated cone window sutured into this space. Covering the exposed 
lumen of the cone with membrane rubber, which could be rapidly removed 
made possible the sudden production of pneumothorax. The fourth and 
fifth ribs on the right were resected, the pericardium removed and the two 
ventricles enclosed in a volume recording glass oncometer which was a 
modification (in shape) of that first described by Wiggers and Katz (1922 
Care was taken to insure a proper fit of the rubber membrane of thi 
oncometer at the A-V groove, to avoid both leakage and constriction 
Before suturing the ehest closed, a small metal trocar was inserted throug! 
a stab wound in the chest wall, supplying means for aspiration of air from 
the thorax as well as reeulating and recording intrathoracic pressure. 
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The method of recording was adapted to the stationary o 
eter devised by Hamilton, Brewer and Brotman (1934 
was attached to a manometer equipped with a rubber, rath 
embrane (Frank, 1903 t the close of each experiment, after 
of the heart beat, the oneometer was calibrated by injecting 
oncometer-manometer system, or withdrawing from it, know! 
air. No attempt was made to determine absolute ventricular 


Carotid blood pressure was recorded with a manometet 


silver membrane of sufficient natural freqgueney and sensitivity for 


pressure pulse recordings. Intrathoracic pressure pn 
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PRESSURE 
CHEST 
PNEUMOGRAPH 
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(PLUS X) 
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Simultaneous curves of intrathoracic pressure, ches 
volume and carotid blood pressure Downst roke 
curves is systole. XN is absolute ventricular volumes, which wer 
Downstroke of intrathoracic curve is inspiration. Values listed at 
cardiae eyeles at the end of inspiration and completion of expiration 
Inspirati 

Diastolic volume X + 18 

Stroke volume 17 

Systolic pressure 113mm. Hg 


Diastoli pressure 76 mm Hyg 


tracings were also recorded with rubber, rather than metal, membranes 
The former was calibrated against a column of water and, in all experi- 
ments, so regulated as to be within the normal limits of 3 em. (negative) of 
water in expiration to 7 em. (negative) of water in inspiration 

In figure i it will be noted that the relative diastolic size 
inspiration, and 29 ce. in expiration, an increase of 
volume likewise increased in expiration from 17 ce. 
Svstolic blood pressure was 113 mm. Hg in inspiration, 119 


5.3 per cent. Diastolic blood pressure 


expiration, an increase o 


S per cent in expiration from 76 mm. Hg to 82 mm. Hg 
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ariations of systemic arterial blood pressure of similar magnitude ha 
been observed in normal unanesthetized animals, thus lending eviden 
to the SUppostition that the arterial pressure and stroke volume changer 
are real and not the result of placing the ventricles in an oncomet« 
Furthermore Henderson and Barringer (1913) observed the respiratoy 
changes in intrathoracic pressure exerted a negligible effect upon the thir 
walled ventricles. The systemic arterial pressure variations are therefor 
due in part to the respiratory variations in stroke volume. 

higure 2, taken 6 breaths after figure 1, illustrates the minimal changes 


occurring during pneumothorax. The relative diastolic volume increased 
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big Record similar to that of figure 1, but taken during pneumothorax 


pressure curve now registers atmospheric pressure lime 


Inspiration 
X + 28 ce 


»> 


mm. Hg 
Hg 


little in expiration (from 28 ee, to 30 cc.); stroke volume remained 


almost constant changing from 22 cc. to 23 ec.); and systolic and diastole 
blood pressures scarcely varied throughout the respiratory cycle. These 


changes are insignificant when compared to those occurring with intact 


thorax. Although the intrathoracic curve registered atmospheric pressure 
after the production of pneumothorax the latter may have been incom- 
plete, allowing fOr some lung eXpanhsion, howevet small. This ay Con- 


ceivably account for the slight « hang s that did oceur. \lovements of the 


ter, incidental to respiratory movements of the diaphragm and 


chest wall, were necessarily the same bot 


OHCOTAU 
h before and during pneumothorax, 
and therefore cannot be held accountabl for volume and press 


Variations 
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Fig. 3. Cyelie ventricular volume and artertal pressure changes wit! 
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end of inspiration of TL per cent (81 ce. 53 c¢.); stroke volume, 
increase of 40 per cent (28 ce. to 39 ce.); systole pressure, an increase ¢ 
15.8 per cent (114 mm. Hg to 182 mm. Hg); and diastolic pressure, 
of 13.8 per cent (65 mm. Hg to 74 mm. Hg). Time interv: 
recorded on base line, indicate ho apprer iable change in 
heart rate during the respiratory phases in anv of the ventricular volun 
experiments, 

( Ypposed to these findings, Eyvster and Hicks (1934) observed the diastoli 
volume of the two ventricles to increase during inspiration, attributing 
this enlargement to the aspiratory effect of the thorax facilitating greate) 
ventricular filling volumes. They nevertheless found inspiration to 
associated with a decreased stroke volume. Our ventricular) volum 
records, on the other hand, show that in inspiration both diastolic and 
stroke volumes decrease together, as might be expected from the law o 
Starling. The fall in systemic arterial pressure during inspiration ha- 
heen observed by Henderson and Barringer (1913), Burton-Opitz (1921 
Heinbecker (1927) and Johnson, Hamilton, Katz and Weinstein (1937 
Hamilton, Woodbury and Harper (1936) attributed the fall in pressure to 
superimposition of the decreased intrathoracic pressure upon the arterics 
of the thorax. The decreased stroke volume must of necessity be an addi 
tional factor for in all of our findings arterial blood pressure invariably 
to a greater extent than intrathoracic pressure. 

2. Auricular volume changes. No satisfactory means for direct measure 


ments of mammalian auricular volume have been devised. In an effort to 


discover any fluctuations that might occur during the respiratory cycl 


motion pictures’ were taken of each auricle with the thorax closed. Plat: 
glass windows were sealed into either side of the chest wall at the level ot 
the two auricles of large dogs anesthetized with sodium barbital and with 
appropriate artificial respiration. Normal respiration was then reinsti- 
tuted and high speed motion pictures taken of each auricle. Respirator 
indicators were included in the field to insure accurate selection of frames 
at the height of both inspiration and expiration, and when the auricles 
were in complete diastole. Careful counts of the number of frames in- 
cluded in each eardiae evele disclosed no significant chang in heart rate 
during the respiratory phases. 

Figure 5 shows the right auricle greatly dilated in inspiration, but much 
smaller in expiration, Figure 6, on the other hand, shows the left aurick 
somewhat larger in expiration. Phe changes of the left auricle were 
much less marked and on some occasions not perceptible, but it was neve! 
observed to undergo the marked filling in inspiration, nor the rapid collapse 
In expiration seen in the right auricle. Assuming auricular volume at any 


1 Taken by Dr. B. M. Hair. 
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oven time to be the sum of two factors, Le. the amount of blood flowing 


into the auricle plus the stretch imposed upon the thin auricular walls by 


the negative intrathoracic pressure, the changes auricular size are 


necessarily less marked in the left) aurich Both are subjected to thr 
same stretch, but decreased intrathoracic pressure during inspiration also 


draws blood from outside the thorax into the right auricle (Visscher. Rupp 


and Seott. 1924). Hence the two factors sum. At the same time. blood 


is withheld from the left auricle in the lung bed (Heimbecker, 1927: Prin 


and Nicholson, 1940) so that the two factors act oppositely here, tending 


to minimize anv volume change that might 


The decreased dinstolic and stroke volumes during Inspiration Is 


Is 


that blood is being withheld from one or both ventricles 


that the volume of each auriel might be a rough measure ot the amount 


AURICLE LEFT AURICLE 


RIGHT 


INSPIRATION EXPIRATION 


Fig. 6 


mutlined 


ition 


Fig. 6. Photographs selected from motion picture frames showing t 


In complete diastole at the height of inspiration and t the beginning 


of blood ente rng oO} approaching Its respective Ventri leat any one tim 


These phasic changes in auricular size may then be taken to indicate on 


or more of the following: 1. During inspiration, blood is withheld from. thi 


left heart, accounting in part Tol the decreased volumes (diastolic and 


stroke), as well as for the fall in svstemic arterial pressure Chis is pre 


sumably the result ol an increased storage of blood 1) thie lung Vessels 


2. At the same time, blood is aspirated into the great veins of the thorax 


and into the right auricle. Blood may be withheld from the right ventricle 


by the increased capacity of these structures as a result of a greater stretch 


imposed upon them than upon the thicker walled right ventricle (Henderson 


and Barringer, 1913). Under these conditions, the right ventricle would 


combine with the left in producing a decreased ventricular diastole size 


and stroke volume. During expiration, blood would bye SQUee Ze dl from the 


lung bed into the left heart and from the right auricle and vena cava into 


y . 
ig 
§ 
INSPIRATION EXPIRATION | 
Fig. 5 7 
Fig. 5. Photographs se ted fi pieture CS ving 
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thre right ventru le. The net effect would he an INCreASe diastolic 


and, in accordance with the Starling principle, an increase in stroke volume 


of both ventricles. This seems the most likely explanation. 3. On thi 


other hand, if the inereased right auricular size in Inspiration indicates 
ereater right ventricular filling, the total decrease in ventricular diastoli 
size in this phase of respiration must be attributed wholly to incomplet 
filling of the left ventricle as a result of storage in the lung bed, The latte 


must, in this circumstance, accommodate a preponderance of blood over 
that aspirated into the right heart during inspiration. The total decrease 
in stroke volume may likewise be the result of deereased left ventricular 


filling volumes, since Henderson (1914) demonstrated the greater effect 


of filling pressures in the response of this ventricle than that of the right 


The reverse would be the case in expiration, where blood squeezed from 
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Simult sane 


ous recorded curves of intrathoracic pressure, and right auricle 


ind pulmonary vein isolated from the circulation Pime 5.0 sec 


the lune field alone accounts for the increased diastolic size and stroke 
volume. 


3. « apacity change s in the right auricle and pulmonary vessels, Figure 7 


represents an cffort to demonstrate capacity changes in the pulmonary 


circuit and right auricle during the respiratory phases. The fourth left 


rib of medium-sized dogs with sodium barbital anesthesia was resected. 


\rtificial respiration was maintained as described elsewhere. The right 
auricle was ligated at its junction with the vena cava. The middle lobe of 


the right lung was ligated at its hilus, leaving only the bronchus patent. 


Thus both structures were isolated from the circulation, vet left free to 
expand and collapse with changes in intrathoracic pressure. Glass 
eannulae, filled with citrate, leading to manometers covered with thin 
rubber, were tied into the tip of the right auricle and into a pulmonary 
vein at the periphery of the isolated lung lobe. In addition, both manom- 
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eters were connected with citrate-fil 

chest was then sutured closed and normal respiration reinstituted. The 
curves are actually pressure changes, showing a pressure decreas 
Inspiration, Thev are reflections of capacity changes, however, as 
strated by the fact that fluid in burettes connected with each manometes 
outside the chest, was drawn into the auricle and pulmonary bed wit! 
inspiration, and forced out in expiration. These findings are in con 
firmation with the work of many authors who have found an increased 
pulmonary capacity in inspiration as a result of stretch imposed upon the 
lung vessels (Burton-Opitz, 1921; Heinbecker, 1927; Trimby and Nichol- 
son, 1940). Johnson, Hamilton, Katz and Weinstein (1937) also demon 


strated a low elasticity coefficient in the pulmonary circuit, permitting it to 


store large quantities of blood with very moderate pressure increases 


SUMMARY AND CONCLUSIONS 


1. In dogs under sodium barbital anesthesia in which direct) cardiac 
volume changes of the two ventricles were measured by a cardiometet 
during normal breathing, there occurred during inspiration a diminished 
diastolic size and stroke volume. 

2. Svstemic arterial pressure also decreased during inspiration, mainly 
the result of the diminished stroke volume, since arterial pressure invariably 
decreased to a greater extent than intrathoracic pressure. 

3. During the slow deep respiratory movements following double 
vagotomy, these effects were exaggerated. 

1. Motion pictures were taken of the auricles during normal respiration 
through plate glass windows sealed into either side of the chest wall 
The right auricle became larger in inspiration and smaller in expiration 
The left auricle usually was observed to undergo opposite changes, but 
the changes were never so marked as those seen in the right auricle 

5. The decreased size of the left auricle during inspiration indicates that 
blood is withheld from the left heart during this phase of respiration. — It 
ix probable that the increased right auricular size observed in the inspira- 
tory phase indicates that blood is also withheld from the right ventricle 
as a result of storage in the thin-walled structures on the approach to the 
right ventricle. Both ventricles must therefore undergo incomplete filling 
and decreased stroke volumes during inspiration. If, as seems less likely, 
the greater volume of the right auricle during inspiration indicates greatet 
right ventricular filling, the diminished ventricular volumes must be 
attributed wholly to incomplete filling of the left ventricle 

6. The right auricle and middle lobe of the right lung were isolated from 
the circulation, vet left free to expand and collapse with changes in intra 
thoracic pressure. During inspiration the capacity of both structures 
increased, indicating a greater storage of blood in both the pulmonary 


circuit and right auricle during the inspiratory phase 
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COMPARISON OF THE VULNERABLE PERIODS AND 
FIBRILLATION THRESHOLDS OF NORMAL AND 
IDIOVENTRICULAR BEATS! 


RENE WEGRIA2, GORDON K. MOE? axp CARL J. WIGGERS 


ve the Depa nt Phys ology, West Ved 


In previous papers (1, 2) 1t was shown that ventricular fibrillation e: 
induced by application of a single induction, condenser, or brief Du 
shock during the last 0.04 to 0.06 second of svstole, or theearly 0.02 second 
of diastole. This was called the vulnerable period. In subsequent com 
munications (2, 3), experiments were analy zed which indicated that the 
fibrillating potency of more prolonged direct and alternating current 
depends lesson the duration and strength of current than on the coincidence 
of an effective change in its intensity with a vulnerable period of a norma 
or premature heat Finally, Wwe suggested that the spontaneous 
fibrillation following coronary oeclusion can be explained by a release ot 
two successive spontaneous stimuli, the first eliciting a premature contra 
tion and the second inducing fibrillation because it falls during its vul 
nerable phase. 

In such interpretations two assumptions were occasionally required in 
order to fit all cases of fibrillation into the theory that fibrillation can onl 
be induced through incidence of an effective stimulus during the vulnerable 
period, viz., 1, that the major portion of the descending limb of smal 
premature systoles is vulnerable, and 2, that the fibmilation threshold is 
reduced in such beats. 

This paper concerns itself with a report of experiments designed to test 
these assumptions. 

Procepures. The obvious method for studving the problem Was to 


induce premature systoles of various sizes and to apply a second strong 


shock at various moments of such beats. Although simple in principle, 


three methods needed to be used in order to cover all contingencies: 


1. A weak condenser shock was applied to the left) ventricle during 
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sixth natural beat. Ba keeping this shock ever so slightly out ol} 

with the natural beat, the ventricle was excited progressively lates 
or earlier) in diastole, thus vielding beats of different amplitude and 
form \ definite interval after such a condenser shock, a brief D.C. shock 
0.02 sec.) of varving intensity was applied. This interval was 
changed after each set of observations. 
2 The heart) was driven by repeated weak condenser shocks which 
were applied first to the right auricle and then to the left) ventricle. | In 
each case, a brief D.C. shock of increasing strength was applied to the 
left ventricle during every sixth beat, a definite interval after the con- 


Fig. 1. Diagram of stimulator for introducing three different shocks at definitely 
| 


related intervals Discussion in text 
denser shock. This interval was also changed after cach set of observa- 
tions 


» 


3. In order to compare slow beats of atrial and ventricular origin, the 
sinus node was first clamped, or the heart slowed by application of a 
1:2000 solution of prostigmine bromide to the posterior surface of the right 
auricle. The heart was driven at a slow rate by weak break induction 
shocks applied to the right auricle. During every sixth beat, the left 


ventricle was excited by a weak condenser shock which automatically fell 


progressively later in diastole. This was followed, after a set interval, by 


a brief DLC. shock which fell at various moments of the induced pre- 
mature beat. 


: 
_ G 
i FIG.1 


FOR VENTRICULAR FIBRII 


PERIOD 


VULNERABLI 


\ photograph ol the apparatus bv which as hree 


related stimuli could be applied is shown in figure | Phe DLC. shock was 
produced and graded in intensity as deseribed in a previous commut 

tion (2)... The duration of the shock was regulated by the opening of a key 
by the slotted evlinder A. The condenser shock was applied through a 


rotating commutator, B, similar to that deseribed by AL Vo Hill (5 
Since this was on a common shaft with evlinder A, the degree of precedence 
of this shock could be controlled by rotating the commutator on the 
\ calibrated index seale, C. facilitated such setting In addition, a set of 
toothed wheels operating the primary and short-circuiting kevs, J. of an 
inductorilum was geared to the main shaft at a ratio of 1762175, thereby 
providing an arrangement by which the induction shocks were applied 6 
times as often as the condenser or D.C. shocks, preceding them by a 
gradually decreasing interval (ca, 10 msec 

As in studies previously reported (1, 2, 3, 4) dogs were anesthetized 
with morphine and barbital, the heart was exposed and Ag-AgCl electrodes 
S mm. apart were applied to an easily identifiable spot \fter cacl 
fibrillation, dogs were resuscitated by use of the Hooker countershock 
method. A “standard lead” clectrocardiogram, a left ventricular pressure 
curve and the incidence, duration and strength of the 1). shock wer 
simultaneously recorded. 

RESULTS. Ou interpretations are based on a thorough study of many 
sets of observations on 15 dogs. 

Span of reactive and vulnerabli pervod in small ineffective beats of ff 
ventricular origin. Small ineffective beats are characterized by pressure 
curves having it slowly rising oradient, rather peaked and 
gradually declining gradient. Since no expulsion of blood from the lett 
ventricle occurs, the end of mechanical svstole cannot be definitely ce 
termined. 

In such beats the refractory state terminates definitely before the peak 
1.e., a second stimulus applied somewhat before the top, on the ascending 
curve, Causes another small contraction (fig. 2). However, multiple beats 
or fibrillation only occur when the shock falls on the descending limb. In 
other words, the vulnerable period lies bevond the summit and extends 
nearly to the bottom of the descending limb. Curves illustrating such 
effects are shown in figures 3 and 4. In this experiment 15 D.C. shocks 
(0.0066-0.02 sec. in duration, 9.510 M.A.), administered 0.026 second 
before the peak caused 1 additional beat; 16 D.C. shocks (0.01 0.02 se 
in duration, 9-10 M.A.), applied just after the peak, caused a single beat, 
10 times: two beats, 4 times; and no response, twice. Six shocks (0.0068 
0.018 see. duration; 9-10 M.A.) caused two premature contractions, 4 


The resistance K, figure 1, of the communi 


It should have been 35,000 ohm 
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and left ventricular pressure curves 
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Similar reactions occurred when 
and a brief shoek Was Ooccas onal 


‘le. \ he fibrillations 


A. are illustrated by cur f figures 5, 6 and 7 


intensities represented the fibril: 1 thresholds early in 


it was found after repeated fibrillations and defibrillations in 
quate recovery intervals were not permitted, that much weak 
sufficed \n extreme instance is shown in figure 8 from the same 
ment in which a shock of only 6 M.A. eventually caused fibrillation 
question may be raised whether the D.C. shock S or thi 


denser shock which fell at Y actually caused the 


succeed 


seems improbable that such weak condenser shocks couk ha 
effective, it is really immaterial, for, in cither case, fibrillation was 
by a weak shock during a vulnerable period. 


Span of reactive and vulnerabli pe raods am large effective beats of ventri i 


origin. We found in large beats of left ventricular origin that a supra 
threshold shock (ca, 20-30 M.A.) induces fibrillation when it is apphed 
anywhere between midsystol to the end of isometric relaxation I} 
is in contrast to supraventricular beats in fresh hearts which cannot 
fibrillated by shocks applied far down on the descending lim! 
apparently indicates an extension of the vulnerable period. Ty] 
fibrillation produced by shocks (0.02 see., 22-23 M.A.) apphed during 
various moments of the cardiac evcle are shown in figures 9, 10 and 11 


Such extension of the vulnerable pe riod almost to the bottom 


isometric relaxation curve is not wholly a funetion of an ipsiy 


focus of excitation. In previous work we had noted occasion 
repeated fibrillations and defibrillat at shocks administered some 


later than the limits originally vul 


period (1) caused fibrillation. shave now obtained more striking con 


firmation of the fact that repeated fibrillations and revival, or deterioration 


of the myocardium, cause a similar extension of the vulnerable period it 


normally initiated beats. This is illustrated by two records taken 1 


spectively early and late in a prolonged experiment. In the record of 
latest moment when fibrillation was elicited shock 


A.) was near the end of systole. In the reeord of figure 


a similar shock applied low on the descending limb of the curve was quite 


effective. Comparison of the ventricular pressure curves reveals fully 


| 
large an amplitude in the latter; but the duration of svstole is obvioush 
less The latter is an early characteristic of many deleterious 


such as anoxia, fatigue, ete. 


Compa ative fibrillation threshold 


times: a single premature beat. once: and timaliv tio? 
figure 4. 
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normal and aberrant pathways. The fibrillation threshold was measured 
as in previous work (4, 6), by the recorded strength of a D.C. shock (0.02 
sec. in duration), which was just sufficient to cause fibrillation. Suc! 
comparisons are only valid when the normally and aberrantly excited 
beats have similar durations. This was achieved by clamping the sinus 
node and driving the heart at a definite tempo, first by electrodes applied 
to the right and then to the left ventricle. It may be added, paren- 
thetically, that previous studies (7) had shown that such right ventricular 


stimulation causes the left ventricle to be excited via the left bundle branch. 


as in supraventricular rhythms. Aside from convenience, it has thi 
advantage over an atrial drive of the heart, that A-V conduction dis- 
turbances are avoided at rapid rates. 

In addition to numerous preliminary tests, crucial experiments were 
carried out on four dogs, in which adequate time for equilibration was 
allowed (ef. ref. 6). The results obtained gave no evidence of any sig- 
nificant difference in the fibrillating threshold of left ventricular beats 
induced by left or right ventricular stimulation. 

Discussion. Our results indicate 1, that even in fresh hearts the vul- 
nerable period of premature beats is extended nearly to the end of the 
isometric relaxation process, but 2, that the fibrillation threshold is not 
significantly altered. The first demonstration supplies supplementary 
evidence in harmony with our conception of the induction of fibrillation 
following coronary occlusion (4). On the other hand, we cannot confirm 
our interpretation that weak, prolonged, direct currents induce fibrillation 
when opening of the current occurs during the vulnerable period of a 
premature systole which has a reduced threshold. 

Our results are also interesting in crystallizing our conception as to thi 
ultimate processes which underlie the initiation of fibrillation. An 
asynchronous offset of fractionate contractions, caused either by a slight 
delay in their onset or by variations in their durations is, as IXing (8) has 
emphasized, considered essential to any concept as to how fibrillation starts. 
Our results certainly fail to show that a greater degree of asvnchronicity in 
termination of contractions in premature beats reduces the fibrillation 
threshold. The sensitivity to fibrillation therefore seems to depend rathe1 
on some inherent characteristic of cardiac muscle at the beginning of the 
relaxation of its ultimate units. This is supported by our observations 
that the period of vulnerability is extended in beats which arise from an 
ipsiventricular focus. That this is not solely due to greater differences in 
the termination of fractionate contractions—as we had_ postulated—is 
indicated by the facts 1, that the degree of extension is too great, and 2, 
that a similar extension occurs in normally excited ventricles with im- 


paired function. 
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Despite the vast literature concerning voluntary contractior 
of human muscles, there has not yet been presented an adequat 


description of the discharges from individual nerve cells of the spina 


motor horn as they participate in the production of the various mov: 
ments which occur. In this paper we are presenting material whic! 
deals with the responses of those fibers in a muscle which are in 
nervated by one or by a very few motor nerve cells. The spina! 
motor neurone, which is the final common path (Sherrington, 1) fo: 
the activation of skeletal muscle has for its functional element thi 
motor unit. This was defined by Liddell and Sherrington (2) as thi 

. motoneurone axone and its adjunct muscle fibres. ... 7’ Adrian 
and Bronk (3) and Denny-Brown (4) showed that it was possible to 
record the electrical discharges from single motor units which wer 
responding during reflex activity and Adrian and Bronk recorded 
discharges from single units of miuscles participating in voluntary 
contractions. Later Smith (5) and Lindsley (6) recorded the responses 
of single motor units in voluntary activity. Their work established 
a foundation on which we have attempted to place the beginning 
of a more complete structure. 

In selecting the experimental material which is to be considered 
below the attempt has been made to use records which would yield an 
outline description of the activities of single motor units under condi 
tions ranging between threshold and slight to moderate voluntary 
effort. For the moment we shall avoid detailed quantitative consider- 
ations and shall describe the single unit response first as it oceurs in 
quick movements of various intensities, either as isolated single 
efforts or as a rhythmic series of movements; second, as it participates 
in sustained movements begun or ended more or less suddenly; and 
third, as its activities are related to the activities of other near-by 
motor units whose responses may also be recorded. 

Mrruops. Action potentials have been recorded on bromide 
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paper by means of an oscillograph galvanometer of the Duddell type 
rhe galvanometer is activated by a differential amplifier. For lead 
electrodes we employ three fine steel sewing needles (no. 12). Thess 
are lacquered to the extreme tips, sterilized in phenol solution, rinsed 
in alcohol and inserted into a muscle through a prepared skin area. 
In most cases the needles are arranged in a triangle about 2 mm. on 
a side. These elec vodes are not satisfactory if intense muscular 
contractions are produced. They are, however, well suited for use 
with the slight tension efforts which we have studied. Following 
each experiment the needles are sharpened and relacquered. They 
cause but slight discomfort as they are being inserted into the skin 
and once placed in the muscle should not be noticeable to the subject 
Occasionally a needle impinges on a nerve twig and causes pain ot 
muscular twitches with each movement. In these cases the needle 
is removed and reinserted. A telephone receiver connected with the 
amplifier furnishes information as to the proximity and activity of 
muscle units near the needle point and thus acts first as a guide in 
placing needles and thereafter as an indication to the subject con- 
cerning the responses which are being recorded during the tension 
efforts which he may make. Occasionally we have obtained excellent 
records of single unit responses with quite uninsulated needles, the 
ground lead and one grid needle being thrust into the skin and the 
other grid needle being inserted just deeply enough to record from a 
unit which lies near the surface of the muscle. This method is not 
recommended as routinely dependable. 

Although single unit responses can sometimes be gotten by other 
types of electrode, it seems pertinent to point out here that neithe: 
the use of the coaxial type of electrode nor the use of “pore” tvpe 
electrodes such as we have used, guarantees recording from discrete 


single units. Each record must be interpreted without preconcep- 


tions or prejudices as to the specificity of lead relationships for a given 


type of electrode. In our experiments we have usually placed the 
needles so that with slight movements only the responses of a single 
unit are apparent in the records. In almost all cases the responses 
of additional units appear when somewhat more intense efforts are 
made. Under favorable circumstances we can obtain records with 
one, two or three units showing responses which are reproducible and 
well controlled. Such records have been used in examining the 
relationship between activities of separate units. With larger numbers 
of responding units recording we have found it impractical to follow 
the activities of a given single unit. It is, of course, largely a matter 
of chance to place the needle points so that a single unit may record 
without the complicating presence of other near-by units which ar 
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also active. Although, as will be seen below, the different units of 
muscle probably keep rather constant threshold relationships for 
given movement pattern, the various units of that muscle do not a 
begin activity at the same effort threshold. Consequently a singl 
unit whose activity is being recorded may be one which comes int: 
activity with a minimum tension of the muscle coneerned or it ma‘ 
come into activity only after the muscle has developed considerab| 
tension. Moreover this threshold may be changed by such relativel 
slight differences in the neuromuscular pattern as may be brought 
about by changes of limb position or of general muscular tension 
In many instances a movement has been found with which the record- 
ing unit is brought into activity with a minimum of volitional effort 
the subject performing a quick and most delicate tensing of thi 
muscle. In such reeords, even at high amplifications, the back 
ground noise has been so low as to indicate that few if any othe: 
near-by units were participating in the effort. 

In no muscle have we found a predictable distribution of muscle 
units of lower or of higher response thresholds. We have frequently 
obtained excellent records with an active needle near the surface of 
a muscle or near its tendonous end but we have also obtained excellent 
records from the muscle belly. However, the main requirement for a 
readable record is that a unit close to a recording needle shall become 
active at a tension level considerably below that at which closely 
adjacent units become active. With a fairly random distribution of 
thresholds for different units throughout the muscle such a require- 
ment as the foregoing might be met most readily at the muscle surface 
It seems probable therefore that the apparently optimal situation for 
recording sometimes found at a muscle surface is a matter of statistical 
rather than of functional anatomy. Likewise we believe it to be largely 
a matter of sampling that we usually find, as did Smith, that the first 
units to be heard responding as the needle is thrust into the muscle are 
relatively remote from the lead needle and consequently give but a faint 
click in the telephone or a low amplitude of galvanometer excursion. — It is 
entirely possible that there may be a functional organization of units 
within a muscle. However, the nature of such organization has not vet 
been demonstrated. 

As regards the constancy of spike heights recorded from single unit 
responses, the accompanying records are typical of those which we have 
obtained. Frequently records have shown but a few per cent difference 
of spike heights with wide ranges of the tension effort and of the resulting 
unit discharge frequency. The record of figure 1-KX shows a considerable 
fluctuation of recorded spike heights. Because we have found, as have 
others previously, that slight changes in needle position may result in 
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marked changes of recorded amplitude, we have attributed such ch: 


of amplitude as are seen in figure 1-K to mechanical disturbance 
spatial relationships between the active unit and the lead needles 


have found no reason to believe that there is an increase of the amplitud 


of the single unit spike with increased tension or frequeney of unit d 


charge. An increase of “spike”? amplitude with increased) tension 


Is, ol 


course, seen where multiple units are recorded so that with mere 


tension and increased number of recording units there is increased summ: 
tion of unit discharges. 


Records of tension exerted have been obtained by use ol 


spring torsion 


levers. Because the recorded movement of a part has usually im \ 


volved 
the participation of more than one muscle, the records so far obtained 
have been of service merely as guides to time and tension relationships 


Reeords for finger muscle contractions have been the most satisfactory 


in this respect, but even these enhbhnot bye regarded tis precision records of 


the tension changes of a single muscle. 


Rest LTS. l. Responses with bricf efforts, It has been 


1] 


held behef that even the shortest of volitional efforts involves a brief but 


rhythmic discharge of those motor neurones concerned in the activation 


of muscle fibers. In recent vears it has seemed clear that im sustained 


voluntary contractions the individual motor neurones discharge more o1 


less asvnchronously but at relatively slow rates. For a sustained move 


ment, the discharge frequency for a given motor neurone may for thi 


moment be considered to range upward from Lindsleyv’s minimum figure 


of 3 per second. Stetson and Bouman (7) used skin electrodes to record 
action potentials from the muscles in the forearm while tapping movements 
were being made with the hand. They reported a tendency for action 
potentials to be grouped into unit bursts which had a duration of about 
5O msee. Since sustained discharge of single motor units at rates less than 
20 per second (that is, with discharge intervals greater than 50 msec.) are 
easily obtained, there seemed to be ample possibility of making a_ voli- 
tional movement so brief and so slight that a single recording motor unit 
might respond once and only once for cach volitional effort 

This has been attempted and found possible. | Fight normal individuals 
have so far acted as subjects. Rach of these individuals has vielded records 
from one or more of fourteen different muscles. In all cases it nas been 
possible to record single motor unit discharges with discrete volitional 
efforts. Figure I-A illustrates the case in point While this record was 
being made the finger could exert a steady tension of about twenty grams 
on the lever without discharge of the recording unit For the first and 
last two responses of figure 1-A the finger made a quick flexion movement 
representing a further tension on the lever of about ten grams. The 


movement at the finger was about +> mm Comparison of the elee- 


OO] 


A. 8. GILSON, JR AND W. B. MILLS 


A 
| | | | | | | | | 
B Cc 
D | | 
| | | | | | | | | | 
E i 
d G 
-20 GRA 
-60 
| | | | | | 
H | J 
-0 
— \ | 
-100 | ! | 
K 
| | | | | | | | | | 
Fig. 1 


SINGLE MOTOR UNIT ACTIVITY 
trical and mechanical records shows that cach 
a single spike lischarge which is Interpre ted as re pr 
from a single motor unit. Such an interpretation is based on 
that if the tension is not quickly released but is sustained, there 
simple rhythmic discharge of recorded spikes of essentially 
and form. This eriterion of single unit activity has been considered 
acceptable by previous workers. It does include certain assumptions 
which are made in this as in previous studies by other workers.  Singl 
spike (.e., single unit) discharges may also be obtained when the subject 
makes a slow tensing effort until the telephone indicates a discharge, the 
effort then being immediately discontinued (fig. 1-A, second respons 
Because the subject’s reaction time is involved in such a procedure he must 
be in a good state of motor control if his attempt is to be successful. On 
the other hand, under favorable conditions, this is perhaps the most 
dependable method of eliciting such single spike responses. In a subject 


under general tension the method usually produces only multiple spike 


discharges. 
To complete the record it may be said that single spike responses have 
been produced in two other ways. The first of these has consisted in the 


Fig. 1. All records except H, Land J were taken from the flexor digitorum sublimis 
over a period of about two hours. H, Land J were recorded from an adjacent region 
of the same muscle at another time. Time lines, inked for reproduction, mark inter 
vals of } second. Mechanical record from spring lever attached to finger by a thread 
Mechanical movement amplified about 20x. Spring lever tension for reeords H, I 
and J indicated on record H Tension calibration for other records indicated on 
record F 

A. Discrete volitional movements resulted in single unit discharges 
movement 

Band C. With greater effort the single unit shows a double discharge 

D. With still greater effort additional units near the lead-off point be« 

Ek. Response of single unit with repetitive movement. Toward the | 
the strip a second unit is responding 

F and G. Slow increase and decrease of unit discharge frequency with slow in 
crease and decrease of tension, respectively. In G, the last discharge of the unit is 
included in the figure. There followed a period of several seconds during which the 
recording unit showed no discharges. 

H. Double discharge followed by a pause at the beginning of a movement’. In 
terruption of discharge with quick partial release of tension and sudden cessation of 
discharge with quick final tension release 

I. Double discharge with duration of second interval nearly equal to th 
third when initial tension increase is smoothly continued 

J. Double discharge without long pause with but brief interruption « 
increase 

K. Record of flexion of third digit 

L. Reeord of flexion of fourth digit immediately after recording of K 
needles unchanged from that for Ix 
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development of a brief instant of muscular resistance when a quick ‘“passiv: 


movement’ is apphed by the subject himself. A highly coérdinated 
resistance effort is thus permitted. A second method has occasional], 
been used when there has existed a tonic “resting”? activity of the unit 
recording. This ‘‘resting’’ discharge has been due to the effort of main- 
taining immobility of a limb which has not been properly supported 
Under these conditions the “resting” discharge of the recording unit can 
sometimes be stopped by an appropriate antagonistic effort. During a 
momentary release of such an antagonistic effort a single discharge of thi 
recording unit may occur. 

If the subject makes a quick effort of somewhat greater intensity than 
that considered above, double discharges may appear. Figures 1-B and 
1-C illustrate such responses. The records are typical of many which 
have been obtained. Although the spike heights are frequently not th 
same it seems probable that they represent discharges from the same unit 
The reasons for this interpretation follow. First, an equal or greater dis- 
similarity of spike height may be seen during repetitive discharges of th 
same unit during sustained effort. Second, in many cases the unit of next 
higher threshold to appear in records of greater tension efforts shows grossly 
different spike height or form. Third, because the double responses seen in 
our records are similar in occurrence to the double responses recorded 
by other workers, as for example, by Denny-Brown for crossed extension 
reflexes and interpreted by him on a basis of still further evidence as 
responses of the same unit. 

With quick efforts of somewhat greater intensity (fig. 1-ID) the two 
spikes of the double response fall more closely together and the responses 
of other units also begin to appear. The units of lower threshold appea 
to show increasingly shorter latencies so that the record may show a marked 
summation of spike potentials. Occasionally the spikes of the double 
response have .been separated by as little as 10 msee., a value in accord 
with that found by Denny-Brown in certain of the reflex responses in his 
experiments. If a rhythmic series of discrete efforts are made, a single 
unit response may be recorded for each movement (fig. 1-E). With an 
effort to achieve too high a rate of alternation, the movement becomes less 
well controlled and additional units are introduced into activity, with 
or without the appearance of the double spike responses. It is to be seen 
from the above that a sudden movement may be expected to have a high 
degree of muscular effectiveness because of the approach to simultaneity 
of discharge of the more promptly responding muscle fibers and becaust 
the double discharge of some of the responding units will fall within tim« 
limits which will vield considerable mechanical summation. On a basis 
of our experiences, it would seem probable that the quicker of the tapping 


movements employed by Stetson and Bouman might well have produced 


Oot the units 


thre shold 

} 

ise during the beginning, maintenat 
sustain nsion are indicated by figure 1-F 
tension velop smoothly there is a gradual ine 


MmAaXWnA ate attained and then a 


tension Is slowly released. Under such 


begins 
1-G. Th were recorded at 
a sustained movement, the intermediate 
covering several seconds of the effort being omitted 
start is that indicated by figure 1-H in which there is seen an init 
discharge, a long pause and then continued discharge The lor 


in Our mate val, has heen ASSOC LATE d with brief inte rruption ol the tensing 


effort. This does not seem to apply, for example, to certain of the pub 


lished reflex responses recorded by Eccles and Hoff (8). If, in ou 
ments, the tension interruption does not occur the long pause may 
absent. 

Cessation of discharge may be gradual as in figure 
figures 1-H, 1-J and I-lk. If there is a quick release 
higher to a lower tension level (figs. 1-H and 1-IX) there 1 
of discharge followed by a new discharge rhythm at 
It is apparent that with sudden onset and cessation of act 
necessary quantitative relationship between the lever tension 
unit discharge begins or ends. 

For a tension achieved quickly an hen maintained consta 
responses are followed by a continuous discharge which, at slight 
may continue almost indefinitely If the responses of sever 
being recorded it is seen each unit will discharge at its own 
the responses of the various units que klv beeome comple tely 
In such a sustained tension a given motor unit will continu 
without interruption or alternation as long ; e tension 
provided that the motor pattern is unchanged. — It 
a smooth tension effort without change of the 
such maintained efforts have not been made for periods long: 
minutes. On several occasions tension efforts sustained fo 


minutes have been made repeatedly over a period of th 
The records were comparable in all cases. In one 

ling Was repe ated over a two hou period, 
3. Re lati. nships hetween activities of diffe ent wunits 


discharge relationships between different units in the same 
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been discussed by various authors. The possibility of rotational activity 
of motor units suggested by Forbes (9) dealt with a situation involving a 
frequency of motor fiber discharge much greater than that which has bee: 
indicated by the later work on single motor units. The work of Denny- 
Brown, of Smith and of Lindsley has shown that a single motor unit set 
mto activity, whether by reflex activity or by voluntary motor effort, 
will continue to show a rather constant rate of discharge without inter- 
ruption as long as the smooth maintenance of tension continues. Within 
the limits of interpretation permitted by the sampling methods which 
these authors have used, their work may well be considered to indicate 
that alternation of motor units, rotational activity, or haphazard and 
irregular changes in unit activity do not occur during a sustained or 
smoothly changing effort. Reeently Hoefer and Putnam (10) have pre- 
sented the conclusion that (p. 218) “... individual motor units are inde- 
pendent in their frequencies of each other...’ so that *... the individual 
units may alternate in their activitv....7’ The records from which then 


discharge frequencies and “unit” relationships were determined appeat 


to have been in considerable part typical records of responses of multiple 
units (as, for example, their fig. 3, lower record of each strip). Conse- 
quently the high unit frequencies and the apparent independence of the 
activities of the different units which they report may well be held subject 
to question 

We have undertaken to obtain data dealing with this point. Our first 
method of procedure vielded results in complete confirmation of Lindsley’s 
observation that a single unit may be kept active for long periods of time 
with no sign of its dropping out, as would be expected if there oecurred 
any rotational or alternating activity. Moreover with repeated trials, 
starting, maintaining, stopping and again starting the tension effort, the 
same unit repeatedly became active before other units and continued in 
action throughout the period of tension even though other units might 
have been brought into activity when the tension was increased to levels 
above that which was threshold only for the first unit. An example of 
this latter situation is seen in figure l-L where a unit which may be desig- 
nated as A appeared with a lever tension lower than that at which a second 
unit, B, became active. However, unit A continues discharging regularly 
even after unit B becomes active. A further complication was_ first 
noticed in a record being made from the biceps muscle of the arm where it 
was first thought that at times one and at times another motor unit 
responded at lower tension efforts. More careful attention to the move- 
ment showed that both units were responding at very close to threshold 
for forearm flexion. However, the one unit showed a slightly lower re- 
sponse threshold when the movement was flexion with pronation and the 
other unit showed the lower response threshold when the movement was 
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flexion with supernation. Similar results wei 
occasion with the lateral division of the triceps muscle 

Figures 1-K and 1-L illustrate another instance of th 
Needles were inserted in the superficial flexor muscle to the 
needle points were separated by about 4 mm., one being somewhat deep 
than the others. Movement of the index or little fingers gave no recorded 
activity, even with rather intense flexion effort. Flexion of the third finger 
produced threshold recorded activity as indicated in figure I-IX and flexion 
of the fourth finger gave threshold recorded activity as recorded in figure 
l-L. To obtain the mechanical records which are reproduced, a thread 
loop attached to the recording lever was carefully changed from one finges 


to the othe by an assistant. However, the procedure ol recording cannot 


be held responsible for the shift of the unit recording because of shift o 


the needle positions as the transfer was accomplished W 


disturbance and was repeated several times. Moreover, it was observ: 
that a similar change of threshold unit response occurred when the finger 
were alternately flexed either free or against an unvielding surface and 
with no attachment to the spring lever. For figures 1-K and I-L it i 
obvious that the recording units were significantly closer m the one 

to one of the needles and closer to the other needle in the othe 

two of our records it seems probable that a similar functionally 

pair of units lav mainly within the very limited range of lead of 

needle point but such an interpretation must for the moment bh 

merely tentative. For the case of figure 1-IX and 1-L it is recognized 1 
the superficial finger flexor muscle is not a simple muscle and that mo 
ment of the third or of the fourth fingers may be made more or less inde 
pendently. For this case, therefore, we could merely conclude that for 
the position of the needles which happened to apply, the recorded responss 
of “flexing the fingers’”’ might well have indicated an apparent inde pe ndence 
of threshold of the units involved. On the other hand, carefully repeated 
movements of a single digital joint showed consistent and reproducibl 
responses. 

For the present it may be said without qualification that in none of out 
records, obtained when both subject and operator have been satisfied 
that the movement pattern has remained unchanged has a unit, A, appear- 
ing at a tension threshold lower than that of a second unit, B, shown any 
failure to continue in activity under maintained tension effort. Usuall 
A will at all times have a frequeney of discharge higher than that for B 
This is not invariable in our records, howeve - though the fre quency ol B 
has never been more than slightly higher than that of A and in thes 
the effort has always been sufficiently great so that there has always been 
the possibility of an unconscious slight change in the movement pattern 
Lindsley’s summary (p. 98) of the means by which the strength of a musel 
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may therefore be used with but slight modi 
means by which a muscle may slowly and smoot! 
ontraction otf considerable tension 

esponse of a very few units perhaps even of a 
lon increases these units increase in the frequency of tl 
and other units are brought into action When the tensi 
halted and the cffort is continued as a smoothly sustained t 
thre responding units continue in their asvchronous, rhvthn 
probably until voluntary effort of a postural or other chan 


the total movement pattern. 


SUMMARY 


trical records have been obtained from one or a few units 
normal human muscle under various conditions of slight voluntary effort 
2. Discrete, sight and brict voluntary efforts may each be accompanic 
a single discharge of the motor unit whose activity is being recorded 
3. For quick movements of slightly greater force there may be doub] 
discharges of a single recording unit. 
Rhythmic movements, repeated several times per second, mav 
show a single response of a single recording unit. 
With more intense, quick movements additional motor units a 
Into awetivity. The more intense the movement the more ar 
hit L potential spikes to be observed in the initial phase OL thie 
response 
6. Sustained movements may be begun slowly with a gradual increase o 
discharge trequeney of the units of lowest threshold and with a gradu: 
on of additional units. If the movement is begun suddenly ther 


thle discharge of the units of lowest threshold and an approac! 


sunultaneity of discharge of the various units. Following thi- 


the discharge of the various units quickly becomes quite asyi 
of movement be due either to gradual or to sudder 
unit activity. 
records have shown rotation or alternation of unit activits 
ension cfforts provided that the movement pattern has re 
unchanged, 
has been observed which would seem to support. thi 
there is increased amplitude of the single unit spike wit! 


tension, 
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INFLUENCE OF COLD AND HEAT ON THE VAGO-INSULIS 
AND TH SYMPATHETICO-ADRENAL SYSTEMS 
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Chicago, 
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Since Cannon’s investigations the effect of cold on the sympathetico- 
adrenal system has been well established. The importance of this rea 
tion is evident from the fact that sympathectomized cats are more sensitiv. 
to cold than unoperated controls (Sawyer and Schlossberg). Hyper- 
glveemia which regularly follows the exposure to cold is abolished by 
splanchnicotomy (Geiger). The effect of increased environmental tem- 
perature on the autonomic nervous system is less known. Although Geige 
observed that heating the blood in the carotid arteries leads to a discharge 
over the vago-insulin system which was abolished by vagotomy he was 
unable to find consistent effects of increased environmental temperature 
on the blood sugar. In most of his observations hyperglycemia occurred 
which was thought to be due to emotional excitement. In view of the 
fact that procedures and drugs such as anoxia, conditions leading to emo- 
tional excitement, metrazol, cocaine and electrically induced convulsions 
(Feldman, Cortell and Gellhorn; Kessler and Gellhorn) cause an excitation 
of both vago-insulin and svympathetico-adrenal systems, it was deemed ot 
interest to investigate the relation of heat and cold to these systems 

Merrxuop. The methods used were similar to those emploved in pre- 
ceeding reports. The experiments were performed on four groups of rats 
first, normal; second, adreno-demedullated rats; third, adreno-demedul- 


lated-vagotomized rats; fourth, vagotomized rats. Prior to the experiment 


the animals were fasted for 16 hours. Cold was applied by immersing the 
animals for 10 minutes in water of 2 to 4°C. The environmental tempera- 
ture was raised to 31 to 32°C. and maintained at this level by means of 
electric light bulbs. This mild degree of heating did not cause any visible 
signs of increased excitability in these animals. They appeared rather 
lethargic. The blood sugar was determined by means of the Somogyi 
modification of the Shaffer-Hartman method. 

tesuurs. Table 1 shows not only the familiar rise in blood sugar 

' Aided by a grant from the John and Mary R. Markle Foundation and W.P.A 
Project 30278 
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ollowing cooling in the normal rat which 


svmpathetico-adi 


m ti 


KAT NUMBEF 


Phe 


vago-insulin system is excited. This is proven by the fact 


adreno-demedullated animals exposure to cold leads to a con 
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ffect svstem but indicat that the 
TABLE 1 
Effect of cold* on blood id 
Blood sugar (mgm. per cent 
TIME AFT! OOLIN 
NTROL (BEFORI 
OOLING 
\. Normal rats 
2 71 SO 
73 SH 
6 72 sO i” 
Mean 73 7 
St. dey 13 2 9 5.2 
P 0.01 0.0] 
B. Adreno-demedullated rats 
60 19 15 
2 07 14) 
5 59 1S 
b 62 60 19 12 
Mean 63 56 1s tt 
St. dev. 2.4 5.4 
0.011 <0 0] 0.0 
( Adreno-demedullated-vagotomized ts 
| 71 79 75 7) 
2 07 70 77 (2 
3 71 S|] SO 
O05 07 63 
5 Ob 71 75 
6 oo 71 73 7 
\lean OS 73 74 7 
St. dey 2.5 5.1 } 4 15 
r 0.05 0.02 0.15 
* ME rats were placed in an ice water bath of 2 to 4°C. for 10 minut 
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on the hlood s igar 


iu 


61 


60 


7 
7 a 
7 7 
7 7 
7 7 
7 7 


10-demedullate 


102 
103 
103 
101 
101 
102 


7 
0.15 <0.01 


Adreno-demedullated-vagotomize 
77 102 | 97 102 | 88 

67 102 104 

77 102 102 

67 102 102 

SS 103 < 104 


SO 102 f 102 
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rABLE 2 
The effect of heat (31-32°C.) 
NTROI 1 i 2 HOURS ouRS 5 HOURS H 
\. Normal rats 
ym m 
104. 67 59 10; 104. 63 () 
103 SO 103. 70 104. 63 () 
5 104 76 104 | 72 104. 65 104. 61 0 
4 S| 104 71 104 104. 60 ()4 
102 aa 102 6S 103 104. 69 10 
102 | Si 103. 71 104. 68 103 
Vilean 73 77 77 6S 65 63 
St. dey 1.6 1.5 1.9 1.4 3.0 4 
P 0.01 0.1 <0.01 0.01 <0.01 
Adre 
| 63 63 5S 5b 104 104. 5S 104 
2 69 100 | 60 102 | 53 56 103 | 58 104. 61 10 
3 69 101 | 60 102. 6 1S 104 104° 5S 104 
65 QQ | 67 100. 59 56 102.) 59 103. 62 104 
5 68 OS | 71 100) 65 59 103. 60 103) 65 104 
| 6 66 99 | 5S 10) 56 15 103. 47 103) 55 103 
\lean 67 63 5S 53 55 60 
r <0.01 <0.01 <0.01 
d rats 
| 100 103 86 103) 103 
2 63 100 104. 67 103, 67 103 
74 102 103. «69 104. 69 103 
} ON 104 
5 65 Qg 104 
6 75 10 ee 7!) 102 | 79 103, 77 103 
Mean 6S 76 79 74 ia 75 
St. dey 5.3 7.9 9.3 7.9 7.8 
P 0.07 0.04 0.15 0.16 0.13 
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rABLE 2--Cone 


in blood sugar ‘h fe is masked by 


pathetico-adrenal effe in the normal ani 
Is correct Is proven by the fact that no si 
occur if neither the adrenal medulla nor the 
excited via the autonomic nervous system 
which the adrenals have been demedullated 
only avery slight and statistically msignificant ris 

Table 2 shows the effect of reased environmental temp 
blood sugar of rats. Our procedure raised the temperat 
about 4°R. during a period of 6 hours Ithough no 
in the reaction of the temperatu 16 body was obser 
groups, the blood sugan res} >was specific In orde 


relatively complex react 1 of the normal rats it is be 


the effect of heat on group B (adrenodemedullated), an 


In the former the blood rar can be influenced as faa 

are concerned only by imulati f the vago-insulin 
latter solely stimulation of he npathetico-adrenal 
results correspond to expectation in as 

on exposure to heat in adreno-demedullate 

hyperglycemia in vagotomized animals 

that no significant changes in blood sugai 

nervous action on both insulin and adrenal s) 


Experiments with group  (adreno-demed 
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N I 1 HOT ‘ RS 43 5 
RET = = = 
1D). Vagotomized rats 
| 70 100 44 103 103 ( 7 (4 
2 73 74 M4 103. S89 4,7 
71 1) SO) 102 4) 103 () 7 
5 71 715 104 72 14 ) 
Meat 72 77 St S5 
St. dev Ry 2.3 
P 0.0] 0.01 0.0 
the predomin of 
i] 
Il 
| 
| 
| ) gotomized 
! ( 
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a shght rise in blood sugar whieh ts statistically insi 


gnificant 


Moreover, rats kept at room temperature and subjected to the same numb 


of blood samplings do not show any significant change in blood sus 


‘ 


} » 


tay 
he blood sugar curve of normal rats shows on exposure to heat a si 
nificant and progressive fall beginning with the tourth how Duri 


The 


first 2 hours there is a slight and statistically not significant rise 


blood suga In the light of the experiments performed on vagotomized 
snd on adreno-demedullated rats it seems probable that the curve obtained 
on normal rats results from the interaetion of the excitation of both svn 
pathetico-adrenal and vawo-insulin systems. Apparently increased 
well ss decreased environmental temperature leads to discharges over the 
svmpathetico-adrenal and vago-insulin systems, but there is a fundamenta 
difference in the reactivity of the normal animal to cold and to heat 


Vormal rats kept at vom temperature B3°C.) 


slood sugar (mgm. per cent) determined in hourly intervals 


RAT 


0 HOUR 1 HOUR 2 HOURS } HOURS 4 HOURS 5 HOURS OH 
NUMBER 


74 77 77 75 
77 7 7S 76 77 75 
75 74 77 75 76 74 
72 74 76 74 75 75 


Whereas on exposure to cold the 


effect on the sympathetico-adrenal system 


predominates to such an extent that excitation of the vago-insulin system 
occurring simultaneously with that of the sympathetico-adrenal system 
can only be revealed by the study of the adreno-demedullated rats, heat 


acts more powerfully on the vago-insulin system although the excitation 
of the svympathetico-adrenal system occurring in normal rats at the same 
time leads to a delay of the fall in blood sugar in these animals. If, how- 
ever, effects on the vago-insulin system are excluded by the subdiaphrag- 
matic vagotomy, the action of heat on the sympathetico-adrenal system 
is easily ascertained by its hyperglycemic effect. 


Cold, heat, anoxia, metrazol, emotional excitement, bulbo-capnine, 


cocaine and electrically induced convulsions act on both vago-insulin 


and sympathetico-adrenal systems. In contrast to all the other procedures 
just mentioned heat is the only condition thus far investigated in which the 
vago-insulin system is more excited than the svmpathetico-adrenal system 


if the change in blood sugar is taken as an indicator. This specificity 1s 


* 
3 
1 
) 
3 
Mean 75 76 75 at 76 76 75 
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mportant with respect to 

aborators showed a decrease in oxvgen consumption 
also known that, particularly in man, insulin hvpogiv: 
with a fall in body temperature Qn both effeets, howe. 
: controversial, probably due to the fa 

adrenalin is being secreted and mav offset the 

olism and body temperature. There is further @& 
Laufberger, Rosenthal, Licht and Freund that inst 
production. In the hight of these observations the 
stimulation of the vago-insulin svstem on exposure t 
a tendency to counteract the deleterious effects of ove 
predominant action on the svmpathetico-adrenal 


~ ©] cold not DOV Vaso-constrict 


harmtul effec 


Normal \ acre no-demedu Vagotomize 


demedullated-vagotomized (1) r: vere exposed 


in water of 2 to 4°C. for 10 minutes or to heat by keeping then 
vironmental temperature of 31 to 32°C. for 6 hours 

group A reacts with a hyperglycemia, B with hypoglycemia and 1) 
no significant change in blood sugat The experiments show that « 
on both vago-insulin and svmpathetico-adrenal systems, the 
dominating on the latter. On exposure to heat group A. rea 
delaved hypoglycemia, B with hypoglycemia persisting during 
period, C with a hyperglycemia and D with no significant chang: 
sugar. Heat also acts on both vago-insulin and svmpathetic 
systems but the predominant effect is on the former. 


these reactions for homeostasis is discussed 
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WORK PERFORMANCE OF ADRENALECTOMIZED RATS 
PREATED WITH 11-DESONYCORTICOSTERONE SODIUM 
PHOSPHATE AND 11 - DESOXY - 17 - HYDROXYCORTICOS 
TERONE 
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The compound 1 1-desoxycorticost« rone and its acetate are vi ry weak 
in their effeets on the work performance of adrenalectomized rats (3 
compared to corticosterone, 11-dehydrocorticosterone, 17-hyvdroxycorti- 
costerone and The compound 
1 1-desoxycorticosterone and its acetate are not soluble in water in thera- 
peutically effective concentrations, whereas corticosterone similar 
compounds having a favorable effect on work are more soluble in wate 
It was considered possible that the effect of these compounds on work 
might be determined by rate of absorption rather than by the chemical 
differences in structure. Reichstein and Euw (5) have prepared the 
sodium salt of 11-desoxycorticosterone phosphate which is soluble in 
water. In the present study it was found that this water soluble form ot 
the hormone is also very weak in its effect on work. 

A second question concerns the relative importance of carbon 11 and 
carbon 17 as a site for location of an oxygen atom with respect to the 
effect on work. Reichstein and Schindler (6) have prepared 11-desoxy- 
17-hydroxycorticosterone by partial synthesis. An examination of the 
acetate of this compound has shown that the presence of the hydroxyl at 
carbon 17 has no more effect on work than the very weakly active 11- 
desoxvcorticosterone acetate. 


Meruops. Male rats of the Sprague-Dawley strain which weighed 


approximately 180 grams were used in these experiments. The diet was 


Purina Dog Chow. Bilateral adrenalectomies were performed in one 
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acetate 


t 
INGLE! 
The G ge S. search Institut / Penns 
ladelphia 
676 


WORK PERFORMANCE OF ADPENALECTOMIZED 


stage under ether anesthesia. Immediately following 
inimals were anesthetized with phenobarbital sodium. Che gastro 
muscle was weighted with 100 grams and stimulated to contr: 


ver second until muscular responsiveness was lost or until 


is expressed a 


ts appro 


t The dose expressed ab 


SIX hours later in the anin 


had worked for 24 hours. Each animal received 5 ce. of water 


cutaneous injection at the beginning of stimulation and again six 


later in those animals which continued to work for this period 
The test substances were also administered by subcutaneous 


at the beginning of stimulation and again six hours later in thos 


677 
‘4 
t 
Work* performance Ire? ed rat cated 
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0.25 SNOT 2503 7 
1OSG4 ) 
13020 1039 
12360 
6199 yma 
0.50 16467 1737 560 1174 
17816 2422 3009 133 
19320 710 1612 
12235 20% 51ST 
2527 2420 
146 7233 7138 M32 

2 OO 5027 $324 
5027 
b444 
$40 2220 3 

S235 
ition represen 400 gram centimeters of wor 
Che range in pertormance of lO unt re {animals was 2452-600 rd 
hnyection 


DWIGHT J. INGLI 


hich had not already shown collapse. Phe details of the method have 
hee nh des ril ed l, 

IXPERIMENTS AND RESULTS. The work performance of adrenale: 
tomized rats treated with 1-desoxy corticosterone sodium phosphat 
in water and in sesame oil media) and with 17-hydroxy-11-desoxycorti- 
costerone acetate was compared to that of untreated adrenalectomized 
rats and adrenalectomized rats treated with 17-hydroxy-11-dehydro 
corticosterone and with 11-desoxycorticosterone acetate. The data on 
dosage and the values for work are given in table 1. 

The work performance of the rats treated with 0.25 mgm. and 0.5 mgm 
of 17-hydroxy-11-dehydrocorticosterone per dose was clearly enhanced 
above the work performance of untreated rats in every instance. Seven 
of the eight animals treated with this substance were still working at the 
end of the 24-hour test period whereas all of the remaining animals wer 
“fatigued” before this time and showed values for work characteristic of 
untreated animals. 

The relative activities of the adrenal steroids in respect: to work and 
diabetogenic or anti-insulin activity are parallel. Ingle and Lukens (4) 
have found that the ability of the adrenalectomized rat to continue work 
is dependent in part upon the availability of glucose. The administra- 
tion of 2 mgm. daily of 17-hydroxy-11-desoxycorticosterone to a partially 
depancreatized rat failed to induce a glycosuria but the administration 
of 1 mgm. daily of 17-hydroxy-11-dehydrocorticosterone caused the ex- 
eretion of up to 2.0 grams daily of glucose. It is probable that the com- 
pound 17-hydroxy-11-desoxycorticosterone does not have significant 
effect on carbohydrate metabolism. 


CONCLUSIONS 


The water soluble 11-desoxveorticosterone sodium phosphate is approxi- 


mately as weak in its effect on the work performance of adrenalectomized 


rats as is the water insoluble 11-desoxycorticosterone acetate, thus demon- 
strating that the inactivity of 11-desoxycorticosterone in the work test is 
not due to failure of absorption. 

The presence of oxygen at carbon 17 does not enhance the effect on work 
as does the presence of oxygen at carbon 11; for 17-hydroxy-11-dehydro- 
corticosterone is very active in this respect whereas 17-hydroxy-1 1-desoxy- 
corticosterone has little if any effect. 
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Our present conceptions regarding the excretion of creatinine and crea 
tine arise primarily from the observations of Folin (1905 His subjects 
were patients and workers living on a meat-free diet in a mental hospital! 
He found that the creatinine elimination from day to day was practically 
constant for the same individual, but varied for different individuals, and 
was entirely independent of the protein intake. The absence of creatin 
in the urine of adult males, its presence in the urine of children in the pre- 
pubertal period and of normal adult women has been generally accepted 
following further observations made by Folin and others 

However, it should be noted that Folin and Denis (1912) found some 
creatine in the urine of a 17-vear-old boy. Later Light and Warren (1934 
reported 19 vears as the limiting age at which creatine fails to be normally 
excreted in the urine of males. In this connection the reports Ol Pavlor 
and Chew (1926), Hobson (1939) and Dill and Horvath (1941) on the ov 
currence of creatine in the urine of adult males are particularly interesting 
Of these workers only Tavlor and Chew had their subjects on a meat-fre 
diet. Dill and Horvath also noted, as had other observers, that creatinin 
climination Was not as constant as was previously assumed (Best 
Tavlor, 1937 

It seemed worth while to repeat these early observations on the 
general type of patient as had been used by Folin, keeping In 
sexual variations. The creatinine and creatine were the same 
as measured by Folin using identical methods, except that a photo-elec tru 
colorimeter was used instead of a visual colorimeter Sixteen schizo- 


phrenics, eight males and eight females, were used as subjects. They 


patients at the Metropolitan State Hospital, Waltham, Massachusetts 


They had no disturbances, such as progressive musceuiar dystrophy and 
Graves’ disease, in which creatine is frequently found. A brief protocol 
of the subjects is appended. 

These patients were isolated and kept under constant supervision to in- 
sure the complete collection of urine. Twenty-four-hour collections of 
urine were obtained on two consecutive days during one or two successive 
weeks while the patients were on the regular hospital diet. Thev vw 
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then plac ed on a meat-free diet consisting essentially of milk, bread, Ve 


tables and fruit. Two twenty-four-hour collections of urine were mad 


after the second day of the diet and again after twelve days. The subject 


were then returned to their usual diets and urines were obtained afte: 
period of at least one week had elapsed. 

The freshly voided urine was preserved with thymol and kept in a rv 
frigerator at about 4°C. Determinations of preformed creatinine and tota 
creatinine by Folin’s method, using the Evelyn photo-colorimeter, wer 
made immediately on the completion of a collection. Preformed creati- 
nine was determined colorimetrically after the addition of freshly mad 


DIAGNOSIS } HEIGHT | WEIGH 


pound 

Hy bephrenic 
Hebephrenic 

Hebephre 

Hebephre 

Hebephre 

Hebephre 

He bephre 


phre 
Females 


pe undetermined 
Paranoid 
Hebephreni 
Catatonic 

. Hebephre 
Catatoni 
Catatonic 


Catatonic 


alkaline picrate to the fresh urine. For total creatinine a sample was auto- 
claved with one normal HCl at a temperature of 120° for 30 minutes and 
to an aliquot alkaline picrate was also added, as for creatinine. Creatine, 
expressed in terms of creatinine, was obtained by difference. ‘Total nitro- 
gen determinations were made by the Kjeldahl method. 

Resutrs. The data are presented separately for male and female sub- 
jects. The average nitrogen excretions, which are shown graphically in 
figure 1, require no comment. On the meat-free diet the nitrogen decreased 
and on resumption of the hospital diet tended to return to previous levels. 
As noted by others, there is a smaller excretion of creatinine in the female. 
On the usual diet, the average creatinine values of 0.92 and 0.93 gram 


| 
Males 
BE. A. D.P 
A. 
Id. D D.? 
H. D D.P 
A. A Ry 38 5/4 169 
D. A 1).P 24 5’ jj QQ) 
\. B 29 13 IS 
H. B 5/6 
D.P 33 5/1 172 
\. D.P 12 
I DP 32 5/5} 114 
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gree closely to the 0.90 gram average found. by 
in their study of 26 normal and well-developed femak 
to 0.74 gram while on the meat-free diet. The excretion of er 
the males did not change markedly as a result of diet but did 
the period following the diet. 

There is considerable variation in the amount of cre: 
different davs for both sexes (tables 1 and 2). For exampk 


GRAMS OF 


\ 
\ 


CREATINE (AS CREATININE) 


< 
2 
a 
« 
2 
< 


BEFORE DURING 
Fig. 1. Averages of twenty-four-hour excretions 


as creatinine) and nitrogen in eight male and eight 


during and after a meat-free diet 


on one day previous to the dietary period excreted 0.76 gram while 

the diet 1.52 grams were excreted, the urinary volume being 

Another male, FE. A., excreted 1.56 grams before and 1.07 grams after the 
diet, again with almost identical urinary volumes. Similar examples of 
variabilitv in creatinine excretion were observed among the females \s 
McLaughlin and Blunt (1923-1924) have stated, *“The constancy « 


nine output, daily or hourly, is a relative term.” The d: 


ile, J. 
MALE 
remace 
CREATINE (AS CREATININE 
8 
} | 
AQ 
\\\\ Yy 
\\\ 4 
ANY 
\Y 
| 
{6 | 
14 
4 
/ Wy 
8 WW YY | 
WW 
6 y AN 
Yi AY 
/ 
2 / LY / 
\ 4 
female schizophrenics before 


CABLI 


during and afler a meat-j 


TOTAI 
REATININE 


| 
VOLUME OTAL N KEATININ REATIN 
I Il I Il I Il I Il I il 
‘ 18 yra aQins grams JTaMms rams jrams 
A. 1.67 1.16 | 7.02 | 9.62 1.12 1.07 1.02 | 0.04 0 
Befor 0.62 1.02 | 8.92 0.72 1.42 0.66 | 2 0.06) 0.2 
Diet 1.49 39 0 66 0.63 1.10 O03 1) 
: Diet Lol 1.14 | 5.3] 3.74 | 0.90 | 0.75 | 0.84 | 0.68 | 0.06 | 0.07 
After 2.55 1.14 10.85 138.01 1.68 1 66 | 0.87 | 0.02 | 
D. A Before | 1.25 | 1.16 | 4.73 | 9.62 | 0.60 | 1.43 | 0.55 | 1.26 | 0.05 | 0.17 
Before 1.08 | 0.89 | 5.06 | 7.32 | 0.44 | 0.99 | 0.4] 0.84 | 0.03 | 0.05 
Diet 1.00 O.S4 3.14 3.92 | 0.48 | 0.74 | 0.4] 0.60 0.07 0.05 
Diet 1.40 1.06 3.72 a. 24 0.62 | 0.60 | 0.55 | 0.56 0.07 0.04 
After 1.60 1.02 1 66 5.32 | 0.59 1.090 O.56 0.03 O09 
E. L Before | 0.73 | 1.38 | 7.75 | 6.78 | 1.09 | 0.98 | 1.01 | 0.83 | 0.08 | 0.15 
Before 1.38 | 0.80 | 6.68 | 4.33 | 1.12 | 1.19 | 1.09 | 1.10 | 0.03 | 0.09 
Diet 1.70 | 1.44 | 5.42 | 5.04 | 0.83 | 0.70 | 0.73 | 0.68 : 0.10 | 0.02 
Diet 1.09 | 0.65 | 2.99 | 3.20 | 0.41 | 0.61 | 0.87 | 0.57 | 0.04 | 0.04 
After 1.24 0.76 5.18 5.02 | 0.87 1.04 0.87 0.97 0.00 0.07 
a? Before 1.55 1.54 6.08 | 6.84 1.10 | 1.08 | 1.02 | 0.97 | 0.08 | 0.11 
Before 0.70 | 1.00 | 4.98 | 7.54 | 0.90 | 1.21 | 0.79 | 0.88 | 0.11 | 0.33 
Diet 1.45 | 0.78 1.60 | 3.52 | 0.75 | 0.73 | 0.70 | 0.65 | 0.05 | 0.08 
Diet L.52 | 1.01 | 3.10 | 3.80 | 1.18 | 0.45 | 1.11 | 0.42 | 0.07 | 0.04 
After Ree 1.20 :. 38 5.72 | 0.83 1.03 0.77 0.9] 0.06 0.12 
H. B Before 0.91 | 0.74 | 9.06 | 6.43 | 1.11 1.09 | 1.07 | 1.02 | 0.04 | 0.07 
Before 1.60 1.5] 1.09) 1.02 | 0.84 | 0.07 | 0.04 
Diet 0.80 | 0.84 | 2.97 , 3.40 | 0.50 | 0.82 | 0.43 | 0.78 | 0.07 | 0.04 
Diet 0.42 | 0.31 | 2.69 | 2.45 | 0.55 | 0.81 | 0.51 | 0.70 | 0.04 | 0.1 
After 0.97 | 0.84 | 5.46 1.33 | 0.60 | 1.46 | 0.56 1.90 | 0.04 | 0.17 
Before 0.42 | 0.72 | 3.05 71 0 79 1.18 0.73 1.15 0.06 0.08 
i Before 0.86 0.60 5.07) 3.6] 0.69 | 0.53 | 0.65 | 0.48 | 0.04 Q.05 
Diet 0.79 | 0.53 | 3.25 | 2.88 | 0.55 | 0.76 | 0.47 | 0.71 | 0.08 | 0.05 
Diet 1.58 | 0.45 | 6.16 | 3.20 | 1.17 | 0.64 | 1.03 | 0.62 | 0.14 | 0.02 
After 1.32 3.14 0.61 0.67 0.59 0.65 0.02 QO.02 
B Before 1.51 0.70 5.57 1.18 0.93 1.15 O.89 0.03 04 
Befo 0.72 | 0.69 | 5.60 | 5.73 | 0.74 | 0.84 | 0.66 | 0.78 | 0.08 | 0.0 
Diet 1.84 | 0.70 | 5.91 1.10 | 0.92 | 0.87 | 0.85 | 0.80 | 0.07 | 0.07 
Diet 1.86 | 1.76 | 6.53 | 6.12 | 1.10 | 1.14 | 1.03 | 1.06 | 0.07 | 0.08 
After 1.22 1.39 1.57 1 9.11 0.89 1.61 O.S4 1.54 | 0.05 | 0.07 
L.A Befor 1.62 1.02 | 8.66 (10.20 1.44 1.56 1.38 1.48) 0.06) 0.08 
Before 0.63 1.44 03 0.9] 1.59 0.74 1.59 12 O00 
die 1.83 ' 0.65 | 7.88 $ 25 1.03 | 0.80 | 0.92 | 0.72 | 0.11 00S 
1 die 1.05 | 0.94 | 3.43 $50 0.60 0.94 0.54 | 0.86 | 0.06 | 0.08 
After: 1.71 1.97 46 12.34 1.03 OSI 0.95 0.06 


Before 


Be tore 
Diet 


Diet 


rABLE 2 
T went y-fo he ettar , 
hizophren ‘ re na nad é 
VOLUME N REATININ 
REA NIN 
SUBJE I PERIO!I 
I Il I LI 
jra jra ra 8 ra 
Before | 0.74 | 5.79 9.48) 1.39. 0.76 
Diet 1 1.98: | 7:84 | 7.81 1 3] | 7 
Diet 0.44 | 1.47 | 5.00 | 5.27 | 0.61 | 2.32 | 0.59 | 2.25 2 7 
0.48 | 0.74 | 6.82 |11.87 | | 57 1.52 1.54 ( 
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1.00 1.30 10.07 10.59 1 61 1.39 oF 24 
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a single individual varies within limits, frequently differing more than 25 
per cent. 
From the data of Folin (1905) on ten series of observations the following 


variability was noted 


Me an 


Similar variations were also found in the data of Benedict and Myers 
1907) in their study of the creatinine excretion of female patients. Dill 
and Horvath, among others, have also noted a variation in creatinine ex- 
cretion. The use of creatinine excretion for testing the completeness Ol a 
twenty-four-hour urinary output is a crude procedure but is one in which 
many workers continue to place unwarranted confidence. 

We can verify the statement (Hodgson and Lewis, 1928-1929) that crea- 
tine is excreted by adult females whether on their usual or on a meat-free 
diet (table 1). If for purposes of argument we assume, as had Hodgson 
and Lewis, that anv value for creatine less than 0.02 gram be ignored then 
it will be noted that in 80 observations there was an elimination of creatine 
in 77 or 96 per cent. Twenty-nine of these were found in the 32 observa- 
tions obtained when they were on the meat-free diet and an additional 11 
in the 16 observations during the period following this diet. But the male 
subjects (table 2) also showed a creatinuria. Of a total of 69 observations, 


creatine was found 51 times (86 per cent). Eighteen of these were in the 


32 urines examined during the duration of the meat-free diet. Every one 


of the eight subjects while on the diet had creatine in his urine in at least 
one of his four samples obtained during this time. Following resumption 
of the hospital diet, creatine was found in 14 of the 16 urines examined. 
One of these males, F. A., exereted as much as 0.250 gram per 24 hours 
while on the meat-free diet. Previous to this period of dietary control he 
had in one instance excreted 0.620 gram, which approaches the values 
0.80 gram) found by Dill and Horvath in a normal male laboratory tech- 
nician. 

The average of all observations on both male and female subjects is 
shown in figure 1. Males and females excreted approximately identical 
amounts of creatine during their dietary regimes. During the period of 
meat-free diet they both exereted approximately 0.06 gram. Even if we 
eliminate from our male averages the values obtained in the case of F. A,, 
there is still a definite elimination of creatine (0.034 gram). 


l 2 5 7 
ma 1.17 1.49 | 1.55 | 1.14 1.36 1.56 1S] 1.13 1.34 vi 
1.28 1.66 | .65-| 1.22 1.48 1.90 1.38 1.51 62 
1.02.| 1.33 1.36 | 1.05 | 1.28 | 1.32 1.66 1.01 1.20 1.2 
Range nh per 
cent of meat 22 | IS 15 15 28 13 22 2s 


ATININE-CREATIN}I XCRETI IN SCHIZOPHRENI 


Ol creatine 


age or se@X limited function The 
he dismissed as easily as it has been in the past 
staney of the daily exeretion of creatinine In a singh 
only relatively constant as Compared to the inconstance 


of some of the other urinary constituents, such ; 


SUMMARY 


Creatine is present in the urine of adult schizophreni 


they were placed on a meat-free diet, creatine was still obser 
cent of the urines examined. In common with other inve 
found creatine in the urine of female schizophrenics at all times 


lacks the constane, 


In both sexes creatinine excretion 
by Folin and others. It varies considerablv and differs from day to day 


more than 20 per cent. 
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The influence of the process of digestion on the circulatory system is well 
recognized. An acceleration of the pulse rate (1, 2, 3), an increase in 
pulse pressure (1, 2, 3) and an augmentation in cardiac output (1, 3, 4 
occur shortly after eating. The question arises as to whether or not the 
rate of blood flow to the periphery is similarly affected. Most of the 
evidence in this respect is of an indirect nature, consisting of studies of 
skin temperature (2, 5) and circulation time (6,7). The only direct deter- 
mination of the effect of digestion on the peripheral circulation is the work 
of Herrick and her associates (8) on dogs. By using a modification of 
the Rein thermostromuhr they found that the blood flow through the 
femoral and carotid arteries increased to approximately double that in 
the fasting animal. 

In view of the paucity of information concerning the postprandial periph- 
eral vascular responses in man, the present study was undertaken to deter- 
mine the effect of a predominantly carbohydrate or protein meal upon the 
total blood flow through the extremities, using the venous occlusion ple- 
thysmographic method. 


\lerHop. Seventeen experiments were conducted on eight normal 


subjects (7 males and | female) in the postabsorptive state. The technique 


employed was similar to that previously described (9), the readings being 
expressed in cubie centimeters per minute per 100 ec. limb volume. In all, 
the hand was studied 15 times, the forearm 10, and the leg 6 times. First, 
a control level of blood flow was obtained by averaging the results of 10 to 
15 determinations taken over a period of one-half hour, and then a weighed 
diet of approximately 400 calories of mainly protein or carbohydrate was 
fed to the subject over a period of 25 to 30 minutes. The protein meal 
consisted essentially of lean meat, cottage cheese, egg white and gelatine, 
while the carbohydrate meal included vegetables, sweetened stewed and 


raw fruits, and sweetened fruit juice. In order to determine whether o1 


\ided by the Samuel and Regina Kuhn Fund 
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not the fluid content of the diet would affect the results, some of 
were made up predominantly of liquids, while others contained only 
minimum of water. Ina number of experiments, a larger meal containing 
600 to SOO calories was given. Following the ingestion of food, blood 
flow readings were made every few minutes for the subsequent 
hours. In some instances the same individual was utilized to study 
rately the effect of both carbohydrate and protein meals. 

Besides blood fiow studies, the pulse rate, blood pressure and 
oxygen consumption were also noted anteprandially and at least 
every half-hour in the period after eating. All experiments were conduct 


ture 


under physiological conditions, with the room tempera 


rABLE 


Typical responses to the inge 


BLOOD FLOW ,BLOOD FLOW 


106 70 


66 
104 66 
106, 6S 
6S 
100 6S 
104.70 


102. 70 


Blood flow expressed in cubie centimet minute p 


tween 25° to 27°C. and the temperature ol the water in the pl 
being maintained at 32°C 


RESULTS. Since the vascular beds in the forearm and | py 


part have similar physiological responses, the data obtained from 


portions of the extremities will be tre ated together. Phe blood 


in the hand, however, react differently from those in the former tw 
and hence the findings in this site will be dealt with separate! 

ffect of a carbohydrate meal. The circulation in the foren 
during the 2) to 3 hour postprandial period was relatively 
the ingestion of a carbohydrate meal, regardless of its 
(table 1). Generally, the hand flow also remained unch 
although in two cases a definite decrease was noted in the first 


In one instance an increase was present withir 


ON; 
e- 
BLOOL 
PULSE al 
TIME PRES I . 
IES RATE ; IES 
Subjer Subject 5b 
h d hou 
Control | 10.0)1.5 63) Cont 5) 34.7 6/S4| 72 
9.3/1.5 iQ) 66 16/84] 78 
11.41. 10 70 1.71 36.9 6 841 77 
13 11.2)1.6 10) 76 | 71 28 () S4) 
2 11 12 o2 2 4) 22,36) 75 
23 11 211.5 10) 63 21 1.6) 38.0 7S 
3 11.71.58 60 7| 35.8 6/86) 7 
33 11.4)1.3 | SS 
( 
Tid) 
‘ 
hour after cating, but ir 
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this ease the control blood flow in the hand was below normal levels. Thi 
same subject, on two other occasions, showed no significant alteration 
hand circulation 

Generally the pulse pressure increased an average of 6 mm. Hg almost 
immediately after cating, chiefly as a result of a rise in systolic blood pres 
sure It remained increased for two hours and then tended to retur 
oward the basal value (figs. Land 2). The pulse accelerated an average of 9 


beats per minute in the first 13 hours and then slowed toward the contro! 


Blood Pressure 


| 


Consumption 


Blood Flow 


Fig. 1. Effect of ingestion of 550 calories of carbohydrate. Subject 2e (not in 
eluded in table 1 
rate within 25 hours postprandially. The rate of oxygen consumption rap- 
idly rose during the first 30 minutes, to reach a peak within 13 hours post- 
prandiallv, and gradually decreased thereafter. The maximal average 
inerease elicited by the carbohydrate meal was 6.3 calories per square meter 
per hour (an average percentage increase of 20). 

Thus, the pulse pressure, pulse rate, and oxygen consumption wert 
increased during the digestion of a carbohydrate meal, without any con- 
comitant significant augmentation in the circulation taking place in the 


forearm, leg, and hand. 
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Effect of a prote in meal. After the ingestion Ol a protein meal, little 
change was observed in peripheral blood flow in the first 14 hours (table 2 
During this interval, the pulse accelerated an average of 11 beats pet 
minute, and the pulse pressure was widened an average of ll mm. Hg. An 
increase in the rate of metabolism, averaging 6 calories per square mete) 
per hour, occurred in the first 30 minutes after eating, reached a maximum 


of 10 calories in 90 to 150 minutes (an average percentage increase of 30 


Systolic 


Diastolic 


Blood Pressure 


Oxygen 


Consumption 
cal meter 


Blood Flow 
cc /min /100 cc limb vol 


Arteprandio! Postprandia 


HOURS 


Fig. 2. Effect of ingestion of 490 calories of carbohvdrate. Subject 1 e¢ (not in- 


ulded in table 1 


to continue so until the end of the experiment. After the lapse of 1 to 
13 hours, an increase in blood flow became manifest in the hand, the 
highest level occurring in 2 to 2} hours. The circulation remained en- 
hanced during the rest of the experiment (fig. 3). The forearm and leg 
did not show any augmentation in arterial inflow until 13 to 25 hours had 
elapsed. At this time an increase was noted, which reached its highest 
level in 23 to 3 hours, to continue so for the remainder of the procedure 


hig. 3). In one subject the circulation in the hand increased 60 per cent 
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while the forearm flow did not change, 


possibly because a postprandial 
period of only 2 hours had elapsed before the experiment was terminated 
When the experiment was repeated and continued for a longer interval, 


an increase in forearm flow of 50 per cent Was noted 3 hours after eating 
table subject 3b). 


Vhus, during the first hour after a protein meal, no alteration was ob- 


served in blood flow, despite significant changes in the other factors studied 


Only after 13 to 8 hours did an augmentation in peripheral circulation 


appear, at which time the pulse rate, pulse pressure and rate of oxvgen 


consumption had already reached a plateau or were diminishing 


Discussion. The changes occurring in the cardiovascular svstem afte. 


eating have been studied by several investigators (1, 2, 3). Grollman 


TABLE 2 


Typical responses lo the ngestion o proteir 


BLOOD FLOW 


10 


sed in cuble centimeters per minute pel 100 


3). using a mixed diet, found that the cardiac output rose 
De 


from a basal 
leve l OT e 


13 liters per minute to 4.72 liters within one quarter-hour afte! 
ingestion Ol food, and remained elevated during the following thre hours. 
He indicated that this rather abrupt change might be du 


ie to a viscero- 


cardiac reflex initiated from the digestive tract. Apéria 


and Cariens (4) 


fed carbohydrates and proteins separately and found that different types 


of cardiovascular responses were elicited hy these substances. The in- 
ingestion of sucrose resulted in a rapid transient rise in meta n and 
cardiac output, and a gradual decline to basal levels within 1! 23 


2, hours 
after eating. With the administration of protein, the cardiac output was 


likewise increased, but the major response occurred 25 to 54 hours 


1 


post- 
prandially, with a return to the control level taking place in 6) hours. 


e 
RLOOD FLOW 
BI D BLOOI 
Al PULSE 4 
IME : PRES rIM} = PRES 
RIES RATE [Es RA 
SURI 3 SURE 
| x & | 
Subject 2a Subject 3t 
Control | 7.7 1.3) 31.1 | 98/64) 64 | Control | 7.6 |0.8 32.¢°| 118/82] 78 
1.2) 35.6 |100/64) 72 6.3 10.8 $2 126 S4) &2 
1.1! 34.7 | 96/64] 68 | 6.6 10.8 10.2 | 132/78) 88 
| 8.3 1.41 35.7 | 94/54) 7O 13. 7.6 10.9 14) 12S S6 
2 1.5) 36.4 94/54 ys 11.2 10.9 12S SO “Ss 
23 10.7 1.7) 35.8 | 94/54 23 1 0.8 42.6 | 128 SO) 
2? 0} 38.0 | 92/541 69 0 31.2 14.0) 26 SO} SS 
14.0 124 7S) SO 
d flow expre 
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In view of this alteration in cardiac output, an augmentation in blood 
flow through the systemic circulation would be expected. It is generally 


re cognized that such a change does take place in the splanchr i¢ region, but 


the evidence as to the effect of the ingestion of food upon peripheral 


blood flow is scanty. The few reported Investigations sl t! 
postprandial period is associated with an inerease in circulation through 


the extremities. MeCracken and his associates (6), using the ionization 


method in the dog, found a decrease of from 12.9 to 45.4 pet in the 


Blood Pressure 


= 


§ 

t 

Cc 

~ 

Os 


ame | 
‘ 


BLOOD FLOW 


ot ingestion 


circulation time from the internal jugular vein to the femoral artery. 
Burton and Murlin (5) reported an increase in skin temperature in man 
which commenced 20 minutes postprandially, reached a maximum in 
the second hour, and then fell in the third. Aside from these indirect 
methods, Herrick and her co-workers (8) used the thermostromuhr and 
determined the rate of blood flow in the femoral and carotid arteries oi 
the dog after a protein or carbohydrate diet. They found that the cn 


culation increased approximately 70 per cent above the control le 


| 
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beginning within 15 minutes after eating and lasting 13 to 


91 
i 


hours. The 
only difference noted between the effects of protein and carbohydrat 
meals was the rapidity with which the peak of the response to the latte: 
foodstuff occurred. 

The data obtained in the present investigation are not entirely in accord 
with the findings of the above authors. That digestion of the food had 
taken place in each of our experiments can be inferred from the significant 
alteration observed in oxygen consumption. Further, the finding of an 
increased pulse rate and pulse pressure suggests that an augmented cardiac 
output had probably also occurred. In spite of these changes, as already 
stated, no significant increase in the rate of blood flow to the hand, forc- 
arm and leg was noted following carbohydrate ingestion. It would appear, 
therefore, that under such conditions the increased minute volume output 
of the heart was adequately compensated for by either splanchnic vaso- 
dilatation alone, by peripheral vasoconstriction of a degree sufficient to 
vitiate the effect of the increased cardiac output, or by a combination of 
both factors. In respect to protein ingestion, the increased peripheral 
blood flow was first observed only after the changes in cardiac output 
presumably had been present for some time. <A direct causal relationship 
between these two factors cannot therefore be assumed, unless it is pre- 
mised that either an already existing peripheral vasoconstriction, initiated 
at the onset of digestion, is removed 2 to 3 hours afterwards, or a shunting 
of blood from the splanchnic vessels to the periphery takes place in this 
period. The latter view does not appear reasonable, since digestive and 
absorptive processes are still at a peak at this time. Another factor to 
be considered is the initiation of an active peripheral vasodilatation, pos- 
sibly as a result of some product of protein digestion. 


SUMMARY AND CONCLUSIONS 


1. The perfpheral vascular responses to the ingestion of predominantly 
carbohydrate or protein meals were studied in a series of 8 normal subjects 
by means of the venous occlusion plethysmographic method. 

2. A carbohydrate meal elicited no significant changes in the rate of 
peripheral blood flow in the hand, forearm, and leg. At the same time, 
however, definite increases in the rate of oxygen consumption, in pulse 
rate, and in pulse pressure were observed. 

3. With a protein meal, there was no change in peripheral circulation 
for the first 1 to } hour postprandial period, and then generally the rate 
of blood flow began to increase, first in the hand and later in the forearm 
and leg, to remain elevated until the end of the experiment. The changes 
in oxygen consumption, pulse rate and pulse pressure, were similar to those 


observed with carbohydrate, except that they were of greater magnitude. 
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Although these experiments deal primarily with the reflexogenic com 
ponents of breathing it is desirable to keep in mind that two great forces 
drive the respiratory act— the inherent physico-chemical forces arising di- 
rectly in the automatically discharging respiratory neurones, and. the 
physico-chemical forees set up in these same cells by the impingement ot 
nerve impulses coming from the outlying receptors. These two driving 
forces (direct and indirect) have much in common. Not only will a steady 
central or a steady reflex chemical drive elicit rhythmic respiratory activity, 
but each drive of itself is capable of creating a similar pattern of discharge 
Gesell, Lapides and Levin, 1940; Brown, Atkinson and Gesell, 1939 
These facts combined with the aetual demonstrable addition of centro- 
genic and reflexogenic drives to one another are strong evidence for th 
existence of one common mechanism of nerve cell activation. Such views 
as we shall try to show, allow an elementary vet broad interpretation ot 
the respiratory act. 

Merrnop. The experimental procedures in these studies were extreme 
simple. Anesthetized dogs, connected with a delicately responding Hutch 
inson spirometer, were subjected to varying types and combinations of 
sensery stimulation and the effects of such stimulation were recorded upon 
smoked paper. Unless otherwise specified on the original tracings, up- 
ward movement indicates a filling of the lungs and downward movement 
the rey . “Chemical reflexogenic drive’, or more correctly its equiva 
lent, Was experimentally provided by faradic stimulation of Hering’s nerve 
usually after double vagal section. Stimulation of cutaneo-sensory nerves, 
important highways of impulses for the perception of pain, permitted ex- 
perimental modification of pain drive. Central faradic stimulation of the 
cervical vagus offered a means of experimental modification of the pe riodic 


proprioceptive drives, such as those arising in the stretch receptors of the 


lungs. The nearly comparable action of central stimulation of the superion 


larvngeal nerve was also studied in some detail. Although the nerves 


which we have selected for investigation may be regarded as serving spe- 
report: This Journal, Proe. 129: P3873, 1040 
a grant from the Rocke 
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ialized sensory functions in relation to respiration, the admixture of sev- 
eral types of sensory fibers in each of them must not be overlooked. — It is 
with this in mind that we have emploved the adequate chemical stimuls- 
tion of the chemoceptors by intravenous injection of evanide for compari- 
son with the artificial electrical stimulation of Hering’s nerve. For similar 
reasons the effects of stretching of the lungs by inflation were compared 
with faradic stimulation of the vagus. As we shall see, unselective artificial 
stimulation of mixed nerves, rather than confusing the issue, has seemed 
to clarify it and establish a unity and simplicity of principles. A distinet 
advantage of artificial electrical stimulation is the opportunity afforded ot 
providing afferent signals in either steady or periodic streams. Thus the 
chemoceptor and nociceptor signals which normally impinge upon the cen- 
ter ina steady stream could be provided in periodic groups and conversely 
the periodically impinging proprioceptive signals could be supplied ins 
steady, continuing stream. Such artificial alterations revealed a  singl 

ness of action of excitatory signals regardless of their origin. 

Resuutrs. Superior laryngeal nerve. The most common result of fa 
radic stimulation of this nerve is a purely expiratory response (see fig. 1 
in which the lungs are brought to the expiratory position and rhythm 
inspirations held in check. The degree of expiratory activity varies con- 
siderably with intensity of stimulation and with the individual. — In figure 1 
it is relatively weak vet definitely present, for as stimulation continues the 
lungs constrict below the normal expiratory volume. More striking ex- 
amples of active contraction of the expiratory muscles are seen in figures 149 
and 20 where the lung volume is promptly constricted on reflex stimula- 


tion. Results such as these give adequate reason for classifving the supe- 


rior larvngeal nerve, in agreement with earlier workers (see Rosenthal 
1862), as primarily expiratory in action. — Less commonly this predominant 
expiratory action is ushered in by a short inspiratory contraction thus in- 
dicating the existence of an inspiratory action as well Such contractions 
are faintly visible in figure 23 in the first few stimulations of the superior 
larvngeal nerve; but since they are more readily elicited by vagal stimula- 
tion they will be described in greater detail urider the next heading. 
Cervical vagus nerve. The variability of response to faradic stimulation 
of the central end of the vagus nerve has been a perplexing problem of long 
standing. Rosenthal (1862) ascribed the expiratory action reported by 
his contemporaries to the effects of escape current reaching the superior 
laryngeal nerve, for when such possibilities were avoided he found only an 
inspiratory response. Later Hering and Breuer (1868) again insisted on 
an expiratory action of the vagi. Gad (1880) in turn rejected the classical 
interpretation of Hering and Breuer and postulated a purely inspiratory 
inhibitory action instead. Head (1889), Adrian (1933), Hillenbrand and 
Boyd (1936), Boyd and Maaske (1939) and many others described a similar 
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INTERMITTENT FARADIC STIMULATION OF VAGUS 


10 SECONDS 


Fig. 1. Respiratory response to faradic stimulation of the superior laryngeal nerve 
of the dog Breathing is recorded with a Hutchinson spirometer in circuit with a 
rebreathing tank Upstroke represents inspiration of air and downstroke expiration 
Both vagus nerves are cut in this observation and all others with the exception of 
figures and 15 ( the increasing expiratory activity in the so-called “expiratory 
pause 


Fig. 2. Respiratory response to faradie stimulation of th ‘ cal vagus nerve 


beginning during the expiratory phase of breathing h ire. comparable 
in every respect to those of figure 1 


Fig. 3. Respiratory response to faradic stimulation of the vagi rve beginning 
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nspiratory inhibitory action. More recently a dual excit: 
een proposed, the ev idence for which appears main 
munications (Gesell, 1939a. b. 1940a, 198% 
Mover, 1941; Worzmiak and Gesell, 1939 
Figure 2 shows the commonly deseribed effects of faradi 
the central end of the cervical vagus nerve.  Thewv diffe 
respects from those already deseribed for the superior larvngeal nerve in 
figure 1. Due to the cessation of rhyvthmie Inspiration the vagus has been 
commonly regarded as an inspiratory inhibitory nerve 


pretation overlooks expiratory activity and its reciprocal inhibitory action 
upon the inspiratory half-center for it will be noted that the expiratory 


volume diminishes as stimulation continues. This increasing expiratory, 


} 


activity, like that in figure 1, is no doubt the result of temporal summation 
in the expiratory half center. Stronger expiratory action is illustrated in 
figures 21 and 26.) But when stimulation begins during the inspiratory 
phase of breathing instead of the expiratory phase (see figs. 3 and 4), the 
results are often importantly modified. In figure 4, where stimulation 
occurs at the beginning of the inspiratory act, the depth of inspiration is 
markedly increased, Where stimulation occurs toward the close of the 
inspiratory phase a second inspiration is superimposed (see fig. 3 The 
shortness of the added inspiratory activity in both instances is of the 
greatest interest for once the extra inspiratory activity has subsided rhyth- 
micity disappears, as in figures 1 and 2, and gives way to a purely expira 
tory effect. The fact that expiration continues over a longer period than 


the introductory inspiratory activity indicates that the expiratory com- 


in the last stages of the inspiratory phase, showing a po 
contraction, After this added inspiratory response 
comparable to those in figure 2 
Fig. 4. A heightened inspiratory response produced 
vagus nerve at the beginning of the inspiratory phase 
inspiratory activity promptly gives way to a sust 
supernormal strength 
Fig. 5. Variable response to a uniform frequency of inter 
tion of the vagus nerve resulting from a failure of the respirat 
with the artificial rhythm of stimulation At the end of the re 
finally occurs expiration is uniformly augmented 
Fig. 6. A predominantly inspiratory response t 
faradie stimulation of the vagus nerve This ty pe al 
specially devised rotary interrupter constructed to stimula 
to control frequency of interruption and duration of the periods of 
no stimulation, and the time relation of the stimulation of one nerve 
The frequency, duration and strength of stimulation remain unaltered in this figure 
Respiration adjusts itself to respond with inspiration to enc lulation Tune 
the short duration of stimulation and the long duration of Inspiration the stimula 


ean exert no expiratory action 
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ponent of vagal stimulation is more powerful than the inspiratory con 
ponent 

It is, therefore, most significant that artificial inflation of the lung 
Which presumably provides an adequate and selective stimulation of thi 
pulmonary streteh receptors may also produce a selective reinforcement o 
either the inspiratory or expiratory act (Worzniak and Gesell, 1939; Gese! 
and Mover, 1941). Dual excitation under such physiological conditions 
warrants the belief that each stretch receptor svnapses at both the inspira 
tory and expiratory half-centers and therefore is potentially capable ot 
stimulating either half. Since stimuli must be impinging simultaneously 
upon both half-centers it becomes imperative that they discharge only on: 
half-center at a time —the inspiratory half-center during the inspiratory 
phase and the expiratory half-center during the expiratory phase. Wi 
believe this alternate activity depends upon the ‘principle of the prece- 
dence of stimulation’; that the impulses impinging upon the expiratory 


half-center during the inspiratory phase of breathing are held in abevanc 


by the reciprocal inhibition of that center by the inspiratory half-center 
When the expiratory half-center takes over a reverse reciprocal interaction 
oceurs. This agrees with the views of Brown (1911, 1914) and the alter- 
nate activity of half-centers demonstrated by Bronk and Ferguson (1935 
during curarl poisoning. 

Now it is well known that svnaptie action at the neurone membrane 
outlasts in varving degree the impingement of signals. If the impinge- 
ment is intense and prolonged, after-discharge, which is but an indication 
of after svnaptic action, may continue a minute or more. Such after- 
discharge is not regarded as abnormal by us but on the contrary as a most 
important phenomenon in the economics of nerve signals. Should, for ex- 
ample, the effeets of impulses impinging at the neuro membrane be en- 
during, those impulses impinging on the inspiratory half-center during the 
expiratory phase would not be wasted for they would hold the inspiratory 
half-center in readiness the moment the respiratory shift occurred. — In 
other words, they would prime the center for instantaneous activity. The 
same would hold for impulses impinging upon the expiratory half-cente: 
during the inspiratory phase. Thus if two nerves were simultaneously 
and continuously stimulated, one predominantly inspiratory and the other 
predominantly expiratory, a continuous source of nervous power would be 
available for producing a rhythmic activity through the intermediation of 
the precedence of stimulation inherent in the interaction of the opposing 
half-centers. This actually occurs when the vagus and the chemoceptors 
are simultaneously excited (Gesell, Steffensen and Brookhart, 1937). 

The modus operandi of the principle ol precedence of stimulation is 
more strikingly demonstrated by intermittent stimulation of a single nerve 


with dual excitatory action such as the cervical vagus. Should the periods 
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stimulation be short and the intervening recoveries long, sVnaptie aetiol 
“the rhythmically impinging impulses should subside between each pan 
f stimulations and the tendency toward sustained after-action should by 
largely eliminated. Afferent impulses arriving at the respiratory center 
during the expiratory phase should therefore reinforce the « xpiratory dis 
charge with little or no effect upon the inspiratory discharge. In figure 5 
for example, to the right of B there is a series of breaths in which each ex 
piration is brought into phase with stimulation. Each stimulation will be 
seen to fall at the very beginning of expiration, a particularly effective 
moment for reinforcing expiration, because the inspiratory center is tem 
porarily exhausted and the expiratory half-center is fully recovered and 
probably in its most responsive condition Now when the frequency ot 
the artificial blocks of stimuli approach the natural rhythm of breathing 
they are very likely to set up a rhythm of their own but for reasons not 
vet clearly understood the capacity for establishing a new rhythm varies 
In figure 5 that capacity was not pronounced for between 1 and B the 
greatest irregularity of response occurred, due ho doubt to the changing 
incidence of stimulation. Note particularly the exceedingly intensified 
inspiration at A and B where stimulation falls at a moment favorable for 
such reinforcement. 

In figure 6, on the other hand, where the frequency of breathing is low 
breathing was brought into phase with intermittent stimulation of twice 
the respiratory rhythm. Here inspiration instead of expiration falls into 
phase with stimulation. This more unusual phase relationship may also 
be tied up with the low frequeney of breathing for the long expiratory 
pause following each artificial stimulation is conducive to recovery of thi 
inspiratory half-center and a high susceptibility of that center to the pr 
riodically impinging signals. ( ‘onditions such as these should by favorable 
for a repeated selective activation of the Inspiratory half-center alone 
Onee such a rhythm is established activation of the expiratory half-center 
is excluded by the subsidence of svnaptie activation at the expiratory halt 
center during the long period of inspiratory activits remaining at the « 
of each artificial stimulation. 

Hering’s Th is nerve is how recognized as plaving 4a most por- 
tant role in respiration, Though its funetion differs decidedly from. the 
pulmonary vagus we shall see that fundamentally it operates on similarly 
deeply rooted neurophysiological principles. Powerful faradie stimulation 
as seen in figure 7, produces a marked increase in pulmonary ventilation, 
no doubt due to the predominance of the chemoceptor afferent signals 
The deepening of respiration produced by such stimulation is a resultant 


of two effects, an increased strength of inspiratory contraction plus an 


increased strength of expiratory contraction. Both inspiration and ex- 


piration increase in depth as stimulation continues, indicating that a sum- 
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INTERMITTENT FARADIC STIMULATION 
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INTERMITTENT FARADIC STIMULATION 


10 INTERMITTENT PE FARADIC: STIMULATION OF 
HERING'S NERVE 


Fig. 7. Respiratory response during and after faradie stimulation of Hering’s 
nerve showing a predominantly inspiratory action and an after discharge in both 
inspiratory and expiratory half-centers 

Fig. 8. Intermittently interrupted faradic stimulation of Hering’s nerve in which 
a slowly changing time relation develops between breathing and stimulation despite 
a uniform frequency of stimulation. During the first eight groups of stimuli, favor- 
able to reinforcement of expiratory contractions, the ¢ xpiratory tracings fall to a 
subnormal level In the later groups, favorable to stimulation of the MNSprators 
half-center, only the inspiratory contractions are increased 

Fig. 9 [Irregular incidence of stimulation due to lack of conformation of respira- 


torv rhythm to a lowered frequeney of stimulation. Individual augmentation of 
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mation of stimulation occurs at both the inspiratory and expiratory halt 


centers. After faradic stimulation has ended, a long persisting hyperpnes 
ol decreasing intensity follows This indieates that the preceding stimu 
lation Was summated into a long enduring after-dis hare In contrast 


with the predominantly expiratory excitatory effects of vagal stimulation 

the inspiratory excitatory effects are predominant for Hering’s nerve 

Since the after-respiratory response is virtually the same as that occurring 
during faradic stimulation it is believed that two powerful sustaining 
drives persist and that the reciprocating interaction of centers gives pre 

edence to only one drive at a time with each turning of the respirators 
phase. Combined with the earler findings of Gesell and White (1988) of 
selective and adequate stimulation of the Inspiratory and expiratory halt 
centers by careful timing of intracarotid injections of evanide, these results 
indicate the existence of dual connections of each chemoceptor one set ot 
connections with the Inspiratory half-center and the other set with the 
expiratory half-center. 

Granting such dual central connections, comparable to those proposed 
for the vagal stretch receptors, it should be as easy to demonstrate a sele 
tive Inspiratory or expiratory excitation with intermittent stimulation of 
Hering’s nerve as it was for the vagus. As a matter of fact Hering’s nerve 
seems to have a greate capacity ol establishing new artificial rhythms 
with intermittent stimulation (see figs. 8, 9, 10 and 11 Figure 8 is a 
rather lucky record in that the time relation of stimulation to breat sing is 
shifting with stimulation drawing nearer and nearer to the inspiratory 
phase. In the first eight breaths where the stimuli fall relatively early in 
the phase of expiration there is a definite expiratory as well as inspirscory 
response In the remaining breaths there is only an ellect 
because the stimuli come too late to strengthen expiration and whatever 
after-action occurs at the expiratory half-center divappears by the ‘ime 


the expiratory phase comes round again. But why should there be a dual 


inspiratory and expiratory contractions will be seein to be related the variation 


the timing of stimulation 


Fig. 10. Intermittent stimulation of Hering’s nerve in which the st 
odd numbered alternating group fall into the inspiratory excitatory phase of breatl 
ing and the stimuli of the even numbered alternating group fall into the expiratory 
excitatory phase The first set of stimuli is seen to reinforce the inspiratory act 
while the second reinforces the expiratory act Beware of the deceptive effects of 


the marks indicating the beginning of stimulation for thev appear to extend the respir 


atory strokes and thus conceal the alternation of respiration 
Fig. 11. Aslower intermittent stimulation of Hering’s nerve than that of figure 10 
In the first half of the reeord each stimulation hastens the ippearanee of mspirat 


and intensifies its strength. Note the late appearance and 


inspiration 6 where artificial stimulation is missing. With the second reduetion 
frequency of stimulation a new paired rhythm is established in which every alter 


inspiration is introduced by an artificial stimulation 
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excitatory action in the first eight breaths? The answer is found bv re- 
ferring back to figure 7 and noting the greater intensity and duration ot 
the inspiratory after-discharge as compared with that of expiratory half- 
center. It may, therefore, be safely concluded that each of the first eight 
blocks of stimuli, by virtue of this favorable coincidence, stimulates the 


expiratory half-center immediately and by virtue of the prolonged after- 


sVnaptic action of the impulses impinging at the inspiratory half-cente: 
a later stimulation of the inspiratory half-center is produced. But as soon 
as the artificial stimuli have shifted to a more strictly inspiratory excitatory 
position the expiratory action is lost. 

When frequeney of intermittent stimulation was reduced decidedly below 
the normal respiratory rhythm, it failed to impress its artificial rhythmic 
stimulation (see fig. 9). The result was a changing coincidence of stimu- 
lation with the respiratory act and a changing intensity of respiratory 
contractions comparable to the changing respirations noted for intermit- 
tent vagal stimulation in figure 5. Stimulations, occurring early in the 
phase of inspiration or late enough in expiration for their effects to carry 
over into the inspiratory phase, produced excessively deep inspirations; 
Whereas stimulations occurring early enough in the expiratory phase to 
exert an expiratory action, intensified the expiratory contractions. 

Thus it is necessary te -onelude that a normally continuous stream of 
impulses flowing from the chemoceptors could, if broken into periodic 
blocks, act like normally recurring periodic proprioceptive impulses to pro- 
duce a selective strengthening of either act of breathing. This is more 
strikingly illustrated in figure 10 where breathing fell into perfect rhythm 
with stimulation of Hering’s nerve. One set of stimuli coinciding with 
the end of expiration or beginning of inspiration reinforced the inspiratory 
act, whereas the alternating sets coinciding with the beginning of expira- 
tion reinforced the expiratory act. 

In figure 11-the frequency of stimulation was markedly reduced. Only 
inspirations were now boosted, for conditions were such that each stimula- 
tion fell late in the expiratory phase or inspiratory excitatory period. The 
stimuli falling in the expiratory excitatory period were missing. Each in- 
spiration was undoubtedly strengthened by the roythmic stimulation for 
when the artificial stimulus momentarily failed, as it did at inspiration 6, 
that inspiration was of weaker intensity. Since inspiration 6 is delayed 
in onset, as well as diminished in strength, stimulations 1 to 5 not only 
strengthened but initiated their corresponding inspirations as well. A re- 
markable capacity of the center to conform to stimulation is illustrated 
in the right half of figure 11. Although stimulation is again approximately 
halved, a new related rhythm is established. Each stimulus now falls into 
the alternate inspiratory excitatory phase and, therefore, only every other 
inspiration is increased in size. An alternating frequency as well as an 
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alternating amplitude of breathing develops because those inspira 


which stimulation is wanting are regularly delaved. The great height ot 


the alternating inspirations, as compared with the preceding series of in 
spirations in the left half of figure 11 in which the same strength of stimu 
lation Was used, is most probably due to the prolongation of each individual 
block of stimuli and the resulting increased temporal summation. This 
seems a pertinent observation not only for continuing drives, which must 
set up a sustained summation, but also for the proprioceptive drives which 
last only for the duration of each phase of respiration. Granting that 
pulmonary inflation and increased stretching of the Golgi endings drive 
the inspiratory act these drives should, therefore, increase not entirely as 
a result of increasing stretch and increasing activity of the respective end- 
ings but as a result of temporal summation as well. 

Cutaneo-sensory nerves. The cutaneo-sensory nerves carry afferent im- 
pulses from several types of receptors. Consequently artificial stimula- 
tion with the faradie current must create a heterogeneous stream of afferent 
impulses rather than a functionally arranged group. Sherrington (1906 
attributes the main effects of such stimulation on spinal reflexes to the 
impulses of pain. The predominance of pain fibers in these nerves de- 
scribed by Ranson (see Fulton, 1938) tallies with this point of view. The 
universal distribution of pain endings throughout the body is well suited 
to provide a respiratory drive under emergencies Where pain is likely to by 
inflicted in any part of the body. Direct experiments show great similarity 
of respiratory response to stimulation of cutaneo-sensory nerves at all 
levels of the body (Gesell and Mover, 1935) indicating that pain provides 
a general respiratory drive lacking such local sign Commonly described tor 
spinal reflexes. 

Our present results on cutaneco sensery nerve stimulation were obtained 
mainly on the saphenous nerve. Increased frequency of breathing is al- 
most universal. Both inspiration and expiration are strengthened, as a 
rule, but in more relatively even proportions than is seen on stimulation of 
either the vagus or Hering’s nerve (see fig. 13, and note also that the re- 
spiratory tracings are inverted in this particular record). If breathing ts 
extremely rapid, as in figure 15, (tracings inverted again) it may be more 
shallow than normal. Yet it seems unreasonable to assume, even under 
these conditions, that the intensity of inspiratory contractions is not in- 
creased. Despite the pronounced expiratory position of the lungs, it is 
difficult to conceive of such intense hyperpnea in the absence of markedly 
strengthened inspiratory contractions. It may however be taken for 
granted that the expiratory component predominates. The other extreme 
of greater strengthening of the inspiratory act was only occasionally wit- 
nessed (see fig. 12). 


Kither inspiratory or expiratory effects may reveal themselves at. the 
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INTERMITTENT FARADIC STIMULATION OF SAPHENOUS 


tory response to weak faradic stimulation of the saphenous nerve 


thy inspiratory action illustrated in this record is: relativel 


evenly balances 
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onset of faradic stimulation. In the let 
eg., Where the stimulation begins in the inspiratory excita 
breathing, the first effect is an increased deepening of 
as stimulation continues does the effect becom 
the second observation where stimulation begins in the expu 
tory stage Increased expiratory activity is the first effect 

Figure 16 shows the respiratory response to an intermittently 
rupted stimulation of the saphe hous nerve. During thre 
of the period of stimulation in which the incidence of stimulation 


ing, most of the stimulations coincide with the inspiratory excitatory 


and the main effect is a predominant strengthening of the inspirator 


similar to results deseribed above for the vagus and Hering’s nerve 
in respirations 3 and 5 where incidence of stimulation is more favorable to 
the activation of the expiratory half-center does the expiratory volume ot 
the lungs fall below the general level. \fter respiration 5, a one to on 
correspondence of breathing to stimulation ce velops Mach stimulati 
with but one exception falls at the end of Inspiration or the very beginning 
of expiration and expiratory activity Increases progressively with each 
breath while Inspiratory activity diminishes. The decreased) breathing 
which ultimately occurs after the cessationof stimulation is attributable to 
the hy pocapnic condition of the animal established by the preceding 1 
fexogenic hyperpnea. — It is concluded, therefore, that the nociceptors pos 
sess dual central connection, and that the principle Ol precedence Ol stimiu- 
lation holds for the respiratory drives exerted by the nociceptor signals as 
it does for the chemoceptor and proprioceptor impulses. 

The addition of two expiratory drives arising in diverse Ly pes of nerve fibe 
rn conformance with the principli of precedence of stimulation. Though con- 


tinuous faradic stimulation of the saphenous nerve by itself produces an 


contractions produced by faradie stimulation of the saphenous nery 


phenomena of summation and after-discharge In contrast to all 
downstroke represents inspiration in this and figure 15. Vagi not 
Fig. 14. Faradie stimulation of the saphenous nerve beginning d 
torv excitatory stage in the first observation and in the ¢ Xpirators 
during the second observation. The initial effeets are primarily 
first stimulation and primarily expiratory in the second 
Fig. 15. Faradic stimulation of the saphenous nerve showing powerful augmenta 
tion of respiration in which the expiratory component predominates. — \ 


ri rie 


In contrast to all other records, downstroke represents inspiration 
figure 13 

Fig. 16. Intermittent stimulation of the saphenous nerve in 
incidence of stimulation shows that stimuli falling in the mspira 
exert a relatively strong reinforcement of the inspiratory act 
in the expiratory excitatory stage exert a relatively s 


expiratory act 
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increased frequency and depth of breathing, such as illustrated in figure 13 
when added to a purely expiratory response of vagal stimulation it elicit 
surprisingly different effeets. Instead of superimposing its usual expect 

aeceleration and deepening of breathing it may only strengthen the pre 

valling vagal expiratory activity. This was the case in figure 17. Since 
both vagus and saphenous herves Carrs inspiratory as well as expiratory 
components it may be concluded that a selective addition of their expiratory 
drives has occurred. This addition is comparable to that deseribed in 
figures 5, 6,8, 9 and 10 where the effects of short periods of inspiratory and 
expiratory stimulations are added respectively to the normally recurring 


Inspiratory and expiratory activity of the respiratory center. The dis- 
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CONTINUOUS 
FARADIC STIMULATION 
OF SAPHENOUS 


Fig. 17. Intermittent faradic stimulation of the vagus nerve producing a 


expiratory itv and a reciprocally repressed inspiratory activit 


continuous faradie stimulation of the saphenous nerve produces 


cation of the vagel reflexogenic expiratory contractior 


tinguishing difference lies in the absence of normal rhythmic respiratory 
activity and the highly artificial conditions of the observation. A) sus- 
tained refle rogenic tetanic re SPONSE fo an artifu ral vagal stimulation has been 
re inforced by a sustained artificial stimulation of a second mixed nerve. This 
effectiveness of the precedence of stimulation under such extremely artifi- 
clal conditions in which normal activities are entirely wanting seems a most 
significant phenomenon for it allows a simple interpretation of a coordi- 
nated use of a heterogeneous mass of impinging signals during normal 
respiratory actin ity. 

It is, therefore, of interest to determine whether similar combinations 
of expiratory components would vield the same results when the superior 
larvngeal nerve is substituted for the vagus. Figure 18 is the answer. 
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\ddition of faradic stimulation of the saphenous nerve during 


flexogenic expiratory contraction markedly increases the stret 


mtraction without any outward signs of inspiratory respons 


INTERMITTENT FARADIC STIMULATION OF SUPERIOR 
LARYNOEAL / 


30 SECONDS 


PLUS PARADIC STIMULATION 
OF SAPHENOUS 


Fig. IS. Intensification of reflexogenic expiratory contraction origit 
mittent stimulation of the superior larvngeal ne I 
saphenous nerve. Continuance of saphenous stin 
mation of its inspirato mponent at the mspirrat 
ultimate appearanec al strengthening 
predominantly expirat 
the summated : 
atory shift of the respi 

Fig. 19. Intensification 
intermittent stimulation of 
the carotid body chemoce 


| Dpto 


saphenous stimulation continues dor action at the inspirator, 


/ } I 


half-center reach threshold values igure 19 shows the addition of the 


expiratory component Ol chemoceptor activity to the CXPIVAatory 


the superior larvngeal nerve. The addition of the expiratory component 
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noer and « hemoceptive fibers to the expiratory component of eit! 
agal or superior larvngeal fibers is pertinent because 
different receptor activities are involved. Such universal summation 
action would seem to establish the principle that expiratory drives 
additive regardless of the type of receptor in which they arise 
The addition of inspl vatory drives arising in diverse type of nerve 
, confo mance with the princi pli of precede nee of excitatory stimulatic 
From. the preceding results it seems that two inspiratory components 
diverse sources should be as readily summated as two diverse ex pirato 
components. Figure 20 is the answer to this assumption. The preliminay 
intermittent stimulation of the Vagus nerve elicits a smooth expirator 
contraction as in figures 17, 18 and 19. Since each vagal stimulation ma 


he assumed to dispatch impulses to both inspiratory and expiratory hal 


INTERMITTENT FARADIC STIMULATION OF VAGUS 


ul 


u 


INTRAVENOUS INJECTION OF CYANIDE 
Fig. 20. Intermittent faradice stimulation of the vagus nerve and its initial expira 
tory action changed into a prolonged inspiratory contraction by the intravenous 
injection of evanide. Selective addition of inspiratory drives is indicated by the 
periodie boosting of the chemoceptive reflexogenic inspiratory activity by the in 
dividual vagal stimulations 


centers, we may look upon the increasing expiratory activity as a selective 
temporal summation of the expiratory component of vagal stimulation. 
But when this expiratory contraction Is changed into a prolonged inspira- 
torv contraction by the intravenous injection of sodium cyanide the ex- 
piratory action of the vagi disappears. In its stead the inspiratory exeita- 
tion comes to the fore, and with each block of intermittent stimulation the 
vagus reinforces the slowly rising inspiratory contraction elicited by the 
chemoceptive stimulation of the evanide. In other words, a selective addi- 
tion of two inspiratory effects of two groups of impulses possessing a poten- 
tial power of dual excitatory stimulation has oecurred—one group of im- 
pulses coming from the chemoceptor and the other from the vagus. 
Apparent exceptions to the principle of precedence of stimulation. With 
the aid of the principle of precedence of stimulation it is now possible to 
exercise a highly predictable experimental control of the respiratory act 
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nd for that reason we are inclined to believe that this principle 

key phenomenon in nervous integration not only for the respirat 
ut for other motor integrations as well. Why then 

rom the rule such as the checking of the inspiratory act by 
stimulation occurring during the inspiratory phase of bre: 
17)? This question is analysed with the aid of the simplified schema 
fig. 21) resolving our working hypothesis to its very simiplest 
a more detailed account, see Gesell, 19406 The possible roles 
internuncial neurones are, therefore, not included. Suffice to sia 
normal nerve cell activity is regarded as a rhythmical phenomenon 
from the action of an electrotonic current emerging at the 
This current, generated by a metabolic gradient, is graded 


total of impinging signals. Each receptor, of the twpes ih 


istrated 
sumed to Impress a double drive, one upon the INSpPWAtory halt 

the other upon the expiratory halt-cente These centers 

represented by single cells Division of each afferent fib 

the individual receptors accomplishe s the double drive, on 

ing at the inspiratory half-center and the other at) the expiratory halt 
center. The boutons of these two divisions are allotted in round propor 
tions (not numbers, for hundreds or even thousands mav impinge upon a 
single cell) roughly in relation to experimentally observed act 

scribed above. Kor the predominantly expiratory teh receptor, Toul 
expiratory and two inspiratory boutons are allotted; for the predominantly 
Inspiratory Chemoceptor, four inspiratory and two expiratory boutons; and 
for the more evenly balanced pain receptor, Tour mspiratory and 
piratory, 

Kach discharging receptor impresses its effects simultaneously on both 
the inspiratory and expiratory cells, but thanks to the reciprocating cot 
nections a codrdinated alternating activation is attained 
that the negativities at the reciprocating boutons, strategically and hypo 


thetically placed to Oppose the outflow of the excitatory electrotonie cur- 


rents at the axon hillocks, are pictured as diminishing and therefore grading 


the activity of the Op] osing half-center (Gesell, 19406 If it be grantes 


that the reciprocal inhibition of the expiratory half-center by the imspira- 
tory half-center during the inspiratory phase of breathing is sufficient to 


keep the electrotonic excitatory currents of the expiratory half-center be 


low threshold values of the individual axon hillocks, the inspiratory cente 
IV other m 
of oppositels 
etion might be an increased pern 
the local negativity the other acti 


the local negativity Phe view emploved it 


isa Working hiv pot he SIS 
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alone becomes open to reflexogenic reinforcement Under these condi 
tions theory demands that one inspiratory excitatory component be ada 
to the other Conversely if the Inspiratory half-center is adequately W 
hibited by the activity of the expiratory half-center expiration only 1 
open to reflexogenic reinforcement. In this situation one expiratory ex 
citatory component is added to the other to the exclusion of inspiratory 
ACTIVITY, 

How then, specifically, can vagal stimulation during the inspiratory 
phase check the inspiratory act as it did in figure 17 if reflexogenic inspira 
tory inhibition (i.e., direet and not reciprocal inhibition) be dismissed? 
Total absence of an inspiratory excitatory component would be an ade- 
quate and also the simplest answer, because the only other conceivable 
effect would then come from an activation of the expiratory half-center 
If it then be granted that the impulses impinging on the expiratory half- 
center be sufficient to overcome the reciprocal inhibition exerted by the 
normal rhythmic discharge of the inspiratory half-center, the expiratory 
half-center would in turn discharge and thereby reciprocally inhibit the 
inspiratory half-center. Another possible explanation of figure 17 is that 
the normal inspiratory discharge was insufficiently established to insure a 
highly protective reciprocal inhibition of the expiratory center. In that 
event the expiratory half-center would be more susceptible than usual to 
excitation, particularly if the expiratory component of the stimulation 
were strongly developed, for it seems fair to assume that an extremely 
powerful expiratory stimulation would be capable of overcoming the re- 
¢iprocal inhibition exercised by the normal discharge of the inspiratory 
half-center plus a weak inspiratory reflexogenic reinforcement. On this 
basis conditions are conceivable in which artificial stimulation of a mixed 
nerve may either reinforce or suppress the inspiratory act during the in- 
spiratory phase of breathing. 

An interpretation of the combined inspiratory and expiratory drives of nor- 
mal breathing. When expiration is purely passive the respiratory act theo- 
retically becomes a relatively simple nervous integration, for breathing 
then may resolve itself primarily into an inspiratory phenomenon uncom- 
plicated by the interaction between half-centers. Accordingly each = in- 
spiratory act becomes a purely self limited activity, in which the inspiratory 
discharge comes to a natural end in consequence of a normal exhaustion 
of the inspiratory cells (Gesell, Atkinson and Brown, 1940). According 
to this conception the inspiratory cells discharge at regular intervals with 
a rhythm determined by the rate of recovery of the threshold excitability 
after each preceding discharge. But when expiratory activity is deliber- 
ately introduced by stimulating the superior larvngeal or vagus nerve, as 
was done in figure 22, the machinery of breathing is importantly changed. 


Impulses now cross in the diagram from the discharging expiratory cells, 
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Via the reciprocating collaterals to the inspiratory cells and is reduce the 


electrotonic excitation current of these cells below thre 
inspiratory. cells consequently cannot discharge unless stimulation (1. 
the hypothetical electrotonic current builds to high values and counter 


acts the EMF. imposed by reciprocal inhibition. Due to the increasing 


Fig. 21. A schema of the electrotonic theory of nervous integration and of the 
principles of reflexogenie drives reduced to simplest conceivable outline Phe 
inspiratory and expiratory cells represent their respective centers. These centers 
are pictured as being driven by three representative sets of impulses arising in three 
groups of receptors important to the respiratory act Kach individual receptor 
communicates its effeets through the final terminating boutons of the individual 
divisions of the original afferent fiber The relative strengths of the MspIratory and 


expiratory components of each group of impulses are indicated roughly by the number 


tt 


of impinging synapses. Rhythmical alternating activity is attained by the inter 


action of the reciprocating collaterals. For simplicity internuncial neurones are not 


included in present considerations 


carbon dioxide and the decreasing oxvgen, both centrogenic and reflexo- 
genic drive increase and cancel the deficit of electrotonic current established 
by reciprocal inhibition. As the intensity of the chemical drive continues 
to increase following the period of almost total apnea the depth of breathing 


grows in corresponding proportions. 
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Phe inspirations occurring during faradic stimulation of the saphenous 
are markedly increased which suggests that) the Opposing action of the 
superior larvngeal nerve is overcome by noci as well as by chemoceptive 
signals 

In figure 23 the superior larvngeal nerve is activated again with an 
intermittently interrupted faradic stimulation and inspiration is held in 
abevance, as it was in figure 22.) Cyanide is now injected during this 
period of inspiratory inactivity and rhythmical breathing comes on at onc 
Since it is generally agreed that evanide stimulates breathing in the anes 
thetized animal mainly through its action at the chemoceptors and sine 
Inspirations disappear again as the temporary action of evanide subsides 
it mav be concluded that the adequate stimulation of the chemoceptors 
builds up the stimulation at the inspiratory half-center sufficiently to over 


INTERMITTENT FARADIC STIMULATION OF SUPERIOR LARYNGEAL 
22 


| | 


PLUS FARADIC 
STIMULATION OF SAPHENOUS 


Fig. 22. A predominantly expiratory activity produced by intermittent stimula 
tion of the superior laryngeal nerve is converted into a progressively 
pulmonary ventilation superimposed on a newly established expirators 


normally increasing asphyxial chemical drive The inspiratory an 


drives of saphenous stimulation add their effects to the newly er 


established by stimulation of the superior laryngeal nerve 


come the augmented reciprocal inhibition coming from the expiratory, 
half-center. Now that inspirations are reinstated the rhythmic stimula- 
tion of the superior larvngeal nerve plavs a new réle. While the effects 
of the superiol larvngeal nerve are no longe) powerful enough to maintain 
breathing in a sustained expiratory contraction, they are still effective in 
initiating expiratory activity at the close of every inspiratory act; for if 
the record be examined carefully stimulation will be found to coincide 
with the ends of inspiration. The ratio of breathing is exactly 1 to 4 (in 
one instance | to 5) stimulations of the superior laryngeal. Still closer 
Inspection of the record shows that the intervening stimull between the 
long expiratory excursions produce step-like augmentation of the main 
expiratory act 

In figure 24 stimulation of the saphenous nerve is substituted for chemo- 
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created conditions 
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ceptive stimulation during a period of 
duced by intermittent stimulation of the superion 
first effect is a shght accentuation of the 
but that effect gives wav immediately to a deep in 


Which at its crest is transformed into a si arp eXpralors Orit 
the next superior larvngeal stimulation. One deep inspiration 
other as a result of nociceptive reflexoge nic stimulation ot 
half-center and, as the center repeatedly exhausts itselt 
tory discharge, it becomes susceptible to the combined 
ences of the expiratory components of the saphenous th SUpPeriol 
larvngeal stimulation. Careful inspection will show that expiration occurs 
in each instance immediately after the incidence of the intermittent stimu 
lations of the superior larvngeal nerve. The increasing amplitude of in 
spiration during the period of stimulation of the saphenous nerve indicates 
a temporal summation of the inspiratory drive from the saphenous nervy 
in the inspiratory half-center and the decreasing amplitude at the end 
of stimulation indicates the dwindling of the after inspiratory actior 

The results in figure 25 where a continuous faradic stimulation of the 


saphenous nerve are added to a sustained expiratory action of vagal reflexo 


genic origin, are in principle the same as those in figure 24.0 Both inspira 


tory and expiratory contractions are augmented by stimulation of the 


saphenous nerve as they are in figure 13.) As summation of the inspiratory 
component ol the saphenous stimulation progresses in the Inspiratory half 
center the depth of inspiration increases and each inspiratory act gives 
way to expiratory activity Immediately after the beginning of each vagal 
stimulation. Both inspiratory and expiratory after-discharge vanish 
quickly after the end of saphenous stimulation. The expiratory action 
of the vagus gains predominance and only the faintest inspiratory con 
tractions occur with each stimulation. These small inspiratory efforts 
represent the respiratory response to the relatively weak inspiratory com 
ponent impressed along with the predominant expiratory component 
This inspiratory effect, however, gains in strength as the inspiratory stimu 
lation of growing asphyxia increases. Thus one inspiratory drive seems 
to add to a second inspiratory drive in a most effective way 

In figure 26 continuous faradic stimulation of Hering’s nerve is added 
to an intermittently interrupted stimulation of the vagus nerve. The 
stimulation of Hering’s nerve creates a powerful inspiratory drive and 
each inspiration so produced is followed by an expiration initiated at regu 
lar intervals by the intermittent stimulation of the vagus 

It may, therefore, be concluded (see figs. 22, 23, 24, 25 and 26) that an 
increased activity of the expiratory half-center artificially produced by 
faradic stimulation of predominantly expiratory nerves, such as the vagus 


or superior laryngeal, exerts a suppressing action upon the Inspiratory 
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half-centet Phis effect, however, may be 

tory drives (centrogenic chemical, reflexogenic chemical 

pain) which reéstablish rhythmic activity in the mspir: 

The residual vagal proprioceptive stretch reflex obtaining 
logical Conditions during the expiratory phase of breathing 

is theoretically capable of initiating expiration at the end 
and of restraining inspiration during the expiratory phase in 
comparable to that of artificial rhythmic stimulation seen in 
23, 24, 25 and 26. But the simultaneous impingement of vag 
at the inspiratory and expiratory half-centers during normal 
the respiratory center call for a more detailed discussion of the 
of the normal changing of the inspiratory into the expirator 
breathing. 


The turning point of tnsprratior 
charge ot the INSpPWAtLory half-center is a self limited ; 
end solely as a result of “functional exhaustion,” 
discharge might therefore intensify the functional exhaustion 
bring the discharge to a premature end. Since evidence is 
that pulmonary inflation actually does intensify and shorten the ins 
discharge as evidenced by action potential studies (Worzniank sane 
1939) the rédle of a simultaneously intensified exhaustion of thi 
half-center calls “or consideration. The difficulty of a cle: 
of the factors involved comes from the simultaneityv of impingement 
vagal impulses upon the inspiratory and expiratory half-centers and 
interaction of these half-centers There is a probability that the 


tory exhaustion and the reciprocal inhibition may be working in such 


Fig. 28. A sustained expiratory contraction produced b ntert 
tion of the superior laryngeal nerve is interrupted by intraver 
2 


of evanide. Breathing conforms with superior laryngeal stimulation 


to 4 (once in the ratio of 1 to 5) in which each inspiration is interrupted by 


laryngeal stimulation After the subsidence of the predominantly inspiratory 


of evanide, the superior lary ngeal stimulation re omple 

Fig. 24. A predominantly expiratory response produced by intermitt 
tion of the superior laryngeal nerve is changed into rhythmical bre 
stimulation of the saphenous nerve During this artificial hvy 
geal stimulations occur at the height of inspirations thi 
expilrations 

Fig. 25. A predominantly expiratory response produced by intern 
tion of the vagus nerve is converted into a hyperpm 
vagal stimulation by continuous faradic stimulation of 
that summation and afte r-discharge from saphenous stimul 
bac kground ol exaggerated as on normal ¢ Xpiratory aetivits 

Fig. 26. A predominantly expiratory activity of reflexogeni 
verted into hyperpnea in phase with vagal stimulation by 


Hering’s nerve 
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timate correlation as to defy differential evaluation. Sherrington an 

Sowton (1940), e.g. have shown that a long lasting spinal reflex is moi 

rendily inhibited than the same reflex of shorter duration and concluck 
that fatigue favors inhibition. Our figure 27 shows the same phenomeno! 
in prolonged inspiratory contractions subjected to a series of combined 
stimulations of the SUpPerLol larvngeal and saphenous nerves m which th 
expiratory component Mar he regarded as predominant It will be seer 
that the reciprocally inhibitory stimull become more eftective the later 
their occurrence in the inspiratory act. Since an increasing tempo of the 
individual inspiratory activity patterns of the inspiratory half-center favors 
the cle velopment of functional fatigue just as does a prolongation ol 

single inspiratory activity the intensification of the Inspiratory act pro- 


duced by the normal vagal streteh reflex would also increase its suscepti 


hilitv to inhibition. This ties the two inspiratory interrupting forces ot 


nnn 


27 INTERMITTENT FARADIC STIMULA- 
TION OF SUP LARYNGEAL 
AND SAPHENOUS 


big. 27. The effeets of a mixed stimulation of the superior laryngeal and saphenous 


nerve upon a slowly developing inspiratory act. The effectiveness of the combined 
expiratory drives of these two nerves in checking inspiration is greater the Later the 


stimulation falls in the inspiratory act 


the vagal stretch reflex into a coérdinated dovetailed arrangement.  Pul- 
monary stretch tends of itself to shorten inspiration through exhaustion 
but by this very exhaustion it also prepares the cells for a premature re- 
ciprocal inhibition produced by the simultaneous reflexogenic excitation of 
the expiratory half-center. 

Paradoxical acceleration of breathing. Some vears ago effects of com- 
bined stimulation of the vagus nerve and the chemoceptors were Cescribed 
by Gesell, Steffensen and Brookhart (1937). As is well agreed a strong 
stimulation of the vagus nerve produces a very slow frequency of breathing 
with long expiratory phases. Similarly a powerful stimulation of the 
chemoceptors with evanide during double vagal block may produce slow 
breathing with prolongation of the inspiratory contractions. When how- 
ever these two effects are combined there is not a combined slowing of 


respiratory rhythm, but rather an extraordinary acceleration, At the 
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time, these results seemed verv strange 
use the term ot “paradoxical acceleration’: bu the ot 
ings, this acceleration seems to have a simple and logics! 


rai al 


This hinges on the schematic re presentation of the 
ceptive drives in figure 21. When vagal and chemoceptive 
are combined, both inspiratory and « xpiratory drives add up t 
and 4 + 2). This mav be interpreted to imply, in a rough wa) 
that the inspiratory and expiratory drives are evenly balanced 
center Is in position to become predominantly active, and th 
are such as to bring about a rapid alternation of activity 
with our evidence for a relatively evenly balanced inspirator 
torv drive of the nociceptors and thus becomes a theoretica 
of the well known acceleratory effects of stimulation. of 


nerves 


SUMMARY AND CONCLUSIONS 


experiments were devised to analyze the machinery ot 
drive of the respiratory act. Three types of nerves were stimulat 
their effeets observed upon thr Prequeneys and cle pth of breathing 
Vagus nerve was chosen for the proprioceptive fibers it contains 
nerve for the high content of chemoceptive fibers and the saphenous 
the predominance of nociceptive fibers 

Faradice stimulation of the vagus nerve which began during the exy 


tory phase intensified and prolonged the period of expiratory activity thus 


preventing the normally recurring inspiratory evcles. When stimulation 


began in the inspiratory phase the inspiratory act was frequently inten- 
sified. This inspiratory response gave way immediately to a sustained 
expiratory response similar to that produced when stimulation begins i 
the expiratory phase. Because the expiratory effects are more prolonged 
and seemed to be more powerful the vagus was regarded as impressing 
predominantly expiratory drive. 

Faradic stimulation of Hering’s nerve was found to produce a rlivthmie 
form of breathing, slower or faster than normal, in which the depth of 
inspiration and expiration were both increased. The much greater in 
spiratory action Classifies this nerve as predominantly inspiratory 

Faradic stimulation of the saphenous nerve was found to produces 
rapid, rhvthmie form of breathing in which the intensity of both inspira- 
tion and expiration were often equally increased. The relatively more 
even balance of Inspirators and expiratory action places the effects of 
cutaneo-sensory nerves approximately midway between thi 
Hering’s nerve. 

Intermittently interrupted faradic stimulation of any of these dual 


citatory nerves devised to vary the incidence of stimulation with respect 
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to the phase of the respiratory act elicited a selective excitation of either 

the inspiratory or expiratory half-center depending upon the phase of ac 

tivity of the respiratory center existing at the moment of stimulation 
Since stimulation of any mixed nerve reinforcing both acts of breathing 


assumably increases the signals impinging on both half-centers, it is con- 


cluded that susceptibility of each half-center to stimulation depends upon 


the phase of activity then prevailing. This tendency of selective activa- 
tion of normally discharging half-centers is designated as the principle ot 
precedence of stimulation. 

This principle is demonstrated to hold for more abnormal situations 
as well. Tf rhythmic respiratory activity is abolished and replaced by a 
prolonged artificial expiratory contraction (by stimulation of either the 
vagus or superior larvngeal nerve) that contraction is intensified without 
inspiratory complications by stimulation of the saphenous or Hering’s 
nerve. ‘This illustrates a selective addition under highly artificial eondi- 
tions, of diverse expiratory Components out of two highly differing nerves. 

When a sustained expiratory activity produced by intermittently inter- 
rupted faradic stimulation of the vagus nerve was changed into a slowly 
developing inspiration by the intravenous injection of sodium cyanide, 
each vagal stimulation then reinforced the chemoreflexogenic inspiration. 
Thus diverse inspiratory components of decidedly different afferent nerves 
were selectively added by bringing inspiratory activity to the fore. 

The demonstrable summation of reflexogenic drives arising in diverse 
types of receptors indicates a Common action of their impinging signals at 
the receiving neuromembrane and the primary importance of the principle 
of the precedence of stimulation. 

In confirmation of earlier considerations the sum total of impinging signals 
constitutes the power which drives the central nervous system. Just as a sus- 
tained predominantly expiratory drive may hold respiration in the expira- 
tory phase so may a predominantly inspiratory drive tend to hold respira- 
tion in the inspiratory phase. Combine these temporally unrelated mass 
drives and a rapid alternating respiration is the result. 

The relatively even balance of inspiratory and expiratory components 
in cutaneo-sensory nerves is thought to explain their highly accelerators 
action on the frequency of breathing. 

The principles here summarized were used to present a hypothetical 
picture of the neuromachinery of normal breathing. 
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In a scries of papers (Morgan and Olmsted, 1939; Olmsted and Morgan 
1939; Morgan, Olmsted and Watrous, 1940) we have shown that. the 
sympathetic nervous system may play a definite rdle in accommodation of 
the mammahan eve for far vision. The method we used for measuring 
changes in the dioptric power of the lens in the eat, dog and rabbit was the 
one commonly used for the human eve, skiascopy. Although this is an 
“objective” method of measurement, it was thought advisable to present, 
it possible, photographic evidence of change in the curvature of the lens 
during stimulation of the cervical sympathetic nerve. 

With this end in view we first attempted to photograph the thre¢ 
Purkinje-Sanson images reflected from the eve of the rabbit under light 
ether anesthesia before and during sympathetic nerve stimulation. The 
image reflected from the anterior surface of the lens, however, proved to 
he so diffuse that, although a shift in its position could be readily detected 
in enlarged photographs, as well as on direct observation, it was not sharp 
enough to permit of reproduction. Accordingly, outline tracings have 
been made from such photographs to show diagrammatically the extent of 
movement observed. It will be seen from figure 1 that one, and only one, 


of the three images shifts its position upon stimulation of the cervical 


sympathetic. The right hand image approaches the center one. 


The classic picture of the three Purkinje-Sanson images portrays a change 
in position of the center image on accommodation to far vision. This is 
because the Helmholtz phacoscope, through which the images are ordi- 
narily observed, is so arranged that the image reflected from the anterior 
surface of the lens lies between the image from the cornea and that from 
the posterior surface of the lens. In our photographic set-up the source of 
light was on the left of the subject’s (left) eve as in Helmholtz’ arrange- 
ment, but the camera, instead of occupying the position of the observer's 
eve at a corresponding angle on the right, was for convenience placed 
directly in front of the subject’s eve. A drawing to scale of the eve and of 
the incident and reflected rays showed that when viewed from in front 
the image refleeted from the anterior surface of the lens should be to 


720 


CERVICAL SYMPATHETIC NERVE AND 


the right ot the other two images, and that wit 

the anterior face of the lens the image trom this 

move in toward the image from the cornea Phe extent of 
would be slight. Since the photographs show results so comp! 
sistent with those demanded by theory, we may safely infer tha 

of the cervical sympathetic does cause a decrease in 
anterior face of the lens. 


\ second method, that ol photographing thre profile of th 


vielded the desired result. We had found by skiascopy that thre 


accommodation in the cat is greater than in the rabbit, 4.5 diopters 
compared with 2-3, the extreme measurements being taken during stimu 


lation of the third nerve and during stimulation of the cervical svmipat 


Fig. 1. Outline tracings of photographs of tl 
flected from a rabbit's eve: A, before stimulation of t1 


B, during stimulation 


In one exceptional cat the total range was 12 diopters. “The decrease in thi 
dioptric power of the lens of the cat under light anesthesia upon stimulation 
of the cervical svmpathetic was between 1 and 2 diopters. “The normal 
cat eve, however, is not practicable for photographing changes in the lens 
beeause of the narrow slit-like iris in bright light which leaves so little of 
the lens exposed. Consequently we performed partial iridectomy on thre 
cats, removing the outer and lower part of the iris of the left eve. Two 
months were allowed for healing of the sht in the cornea through which 
the iris had been removed, and for resorption of the blood clot. In these 
partially iridectomized cats we have succeeded in’ photographing the 
anterior surface of the lens by means of a special lighting svstem modeled 
on the one used by Fincham (1935) for photographing the lens of a human 
patient without iris. Because the upper evelid interfered somewhat with 
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the view, the camera was not placed strictly vertically over the cat's hea 
but about 15° off the perpendicular. Our photographs, therefore, do ni 
show the exact equator of the lens where we should expect evidence « 
greatest change, but a profile slightly above the equator. 


Comparison of the two photographs in figure 2 taken of the same eve ot 


a lightly anesthetized cat before and during sympathetic stimulation 


shows a distinct flattening of the anterior surface of the lens during sym- 
pathetic stimulation. It will be noted that the eveball is protruded during 
svmpathetic stimulation, but because of the position of the camera and its 
distance from the eve, the two photographs still coincide when superposed 
in spite of this slight forward movement. Had, however, the eveball been 


Fig. 2 


] 1g 2 Photographs of the lens profile ota partially iridectomized eat A. before 


stimulation of the cervical sympathetic nerve; B, during stimulation 


Fig. 3. Superposed outline tracings of the photographs shown in figure 2 


rotated during the interval between the taking of these two photographs, 
the interpretation would be in doubt. Because the lens is not a perfect 
sphere, even slight rotation would change the configuration of its profile 
as seen from the camera. It will be noted that the position of the series of 
small reflections from scars and imperfections of this cornea and the drop- 
lets of saline to keep the cornea from drying remains the same in both 
photographs as is shown in figure 3 where outline drawings of the 
two photographs are superposed. 


SUMMARY 


Photographs of the Purkinje-Sanson images reflected from the eve of a 


rabbit show that the image from the anterior face of the lens changes its 


\ 
\ 
\ AE TRIS 
\ 
\ 
4 B - ) 
Fig. 3 


CERVICAL SYMPATHETIC NERVE AND LENS OF THI 


position during stimulation of the cervical sympathetic in 


which would be demanded if such nerve action resulted in a decrease in 


curvature of the anterior face of the lens. Photographs of the anterion 
face of the lens in partially iridectomized cats under light ether anesthesia 
show that the anterior face of the lens does actually flatten during stimu 


lation of the cervical sympathetic nerve. 
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Unlike the spike, the slow components of the electrogram of striated 
muscle have been the object of only few studies. The conducting system 
of striated muscle has been found to differ only quantitatively from that of 
nerve. The electric phenomena which attend conduction in nerve are the 
spike potential and the negative and positive afterpotentials. A: similar 
sequence of electrical changes is to be expected in striated muscle. The 
interpretation of the electromyogram, however, is complicated by the fact 
that muscle is not only a conducting but also a contracting tissue. Con- 
traction occurs at the time when the afterpotentials of conduction would 
be developing. It is possible that the physicochemical changes under- 
lving contraction have an electric manifestation. In the presence of slow 
potential changes during contraction, therefore, it is diffieult to decide 
whether they are associated with one or the other of the two processes, 
conduction or contraction, or whether the electric manifestations of both are 
coincident and interact. 

This study deals with the analysis of the several components Ol the 
electrogram of striated muscle and of their relations to the functions of the 
tissue. 

Meruop. Cats were used, anesthetized with dial (Ciba, 0.75 ce. per 
kgm., intraperitoneally). Phe muscle studied was usually the sartorius. 
In some observations it was denervated by previous (7 to 15 days) section 
of the femoral nerve under ether anesthesia and with aseptic precautions. 
The soleus musele was observed only occasionally for comparison with 
sartorius. The description of the methods used will refer to the latter 
muscle; the obvious slight differences of procedure which took place when 
soleus was emploved will not be outlined. 

The leg was fixed by means of drills inserted into the femur. The tibial 
end of sartorius was tied and separated from the bone. It was then 
attached to a torsion spring myograph of the Sherrington type. The con- 


tractions were isometric. They were recorded simultancously with the 
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eleetrograms by sending the beam of reflected heht from the mirror in th 
mvograph to the back of the film in the camera 

The leads for recording the electric responses were large chlorided silver 
needles inserted as follows The musele was crushed about 0.5 em. below 
the tie at the tibial end. One electrode was between the tie and the crush 
The other one was in normal muscle, about 1.5 em. below the erush \fter 
the electrodes had been mserted the exposed part ol the muscle was co, 
ered with vaseline in order to prevent drving 

\ 5-stage direct-coupled amplifier was used. A battery in series with 
the muscle and with a high input resistance provided a counter e.m.t 
which balanced the potential difference between the electrodes Phis 
potential difference was due mainiv to the demarcation potential of the 
muscle. Only exceptionally was a capacityv-coupled amplifier emploved 
to observe the spike potentials with little shift of the base line 1. with 
filtration of the slow components. The amplified responses were phots 
graphed from a cathode ray oscillograph. 

The stimulating electrodes were shielded silver wires applied to the 
femoral nerve, crushed or cut centrally. Activity in the quadriceps muscle 
was prevented from interfering with the records by section of either the 


corresponding motor nerve or the patellar tendon 


The stimuli were condense) lis ‘hargwes through a thvratron Thev wer 
rendered diphasic I means Of a transtormet Injections were made into 


the central end of the cannulated inferior mesenteric artery 

RESULTS. \. The electroqram of normal muscles With the method 
used the records were usually monophasic —i.e., there was little or no indi 
cation of a diphasie artifact at the end of the spike potential Phe mono 
phasicitv of the responses was maintained for the duration of the exper 
ments (up to 7 hrs.) without recrushing the muscle. The stability of the 
preparation was further demonstrated by the constancy of the demarcation 
potential. The value of this potential was usually about 15 my. Unless 
drugs were injected it remained practieally unchanged throughout the 
observations, 

A typical response of sartorius to a single maximal motor nerve volley is 
illustrated in figure |. Three slow components May be recognized follow- 
ing the spike: a first negative wave, then a relatively positive excursion, 
and finally a prolonged second negative deflection. Frequently, but not 
iIn\ ariably, the positive wave Was roughly coincident with the deve lopment 
of tension in the mechanogram. 


Although this complex sequence of potentials was the rule, occasionally 


quite different electrograms were encountered (see fig. 4A Anv of the 
slow components mentioned could be minimal or absent. “The slow poten 
tials could consist of a single negative or positive Wave. Some of the slow 
components, however, were always present i.e., there was never any 


record exhibiting exclusively a spike potential 
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Phe effeets of repetitive stimulation of the motor nerve varied wit! 
the frequeney applied (fig. 2) During the period of stimulation there was 


summation of some of the slow components elicited by a single volley 


Thus, an increasingly negative background for the successive spikes was 


seen for frequencies of 10 to 30 per see. Between 30 and 100 per sec. less 
negativity was usually developed than with the slower frequencies; indeed 
occasionally positivity, instead of negativity, summed during the period of 
stimulation at these intermediate frequencies. 


Fig. 1. Eleetrieal (solid line) and mechanical (broken line) responses of sartorius 
to a single maximal nerve volley Enlarged and superimposed from the original 
film Time seale (abseissae): 100) msec Left seale of ordinates, mv and right 


seale, tension in grams 


The effects of rapid rates of stimulation (100 to 600 per sec.) were typi- 
cally as follows. The spikes promptly declined to a small fraction of the 
initial amplitude. The background potential was first negative, then 
relafively positive (that is, less negative), then again increasingly negative. 
With the highest frequencies mentioned (500 to 600 per sec.) the mechano- 
gram exhibited an initial rise of tension followed by a rapid fall, and later 
by a slow second rise. The late slow rise of tension was accompanied by a 
parallel shift of the electrogram in the positive direction in 3 out of 5 ani- 
mals. In the other 2 this shift was toward increased negativity. 

The after-effects of a period of repetitive stimulation showed a slow 
(15 to 120 sec.) return toward the resting condition. With frequencies 


3 
2 
300 
L 
200 
| \ 
\ 


ereatel than about per 


pel tive swing 
end of stimulation (fig. 2, and Phis exe 
followed by increased negativity Phe time cor 
had no relation to th pel lod of relaxation of the 
place either toward the end of relaxation or lates Occasionally 
tive Waves, instead of one, could be seen at the end rt 
stimulation 
B. The effects of veratrine Injections of this drug resulted in striking 


changes in both the mechanogram and the electrogram of the muscles 


f 


muscle to repetitive indirect stimulation. Frequencies 
A 2.5: B, 13: C, 26: D, 52: E, 110: F. 250: and G, 600 per sec The intervals in record 


G eorrespond to 2 and 4 sec., respectively; the stimuli were applied continuously 


Fig. 2. Responses of 


In this and the following figures the reeords are from sartorius unless otherwis 
stated. The lower tracing is the mechanogram and the upper tracing the eleetro 
gram | pward deflections in the electrogram denote negativity of the intact with 
respect to the crushed part of the muscle. The vertical lines : t calibrate 
the electric responses; those at the right, the mechanical responses he horizontal 
lines show t he speed of the reeords For this figure these calibrations is follows 


10 mv.: 1 kgm.: and 2 see 


studied There was considerable \ ariabilits from animal to animal in thi 
dose of veratrine which produced a given effect. Thus, while 1 mgm. pet 
kgm. caused in some cats a marked reduction of the responses, which disap- 
peared only after 1 to 2 hours, in other cats 6 to 8S mgm. per kgm. could be 
injected over a period of 15 to 30 minutes before any significant reduction 
of the responses was seen. Because of this variation of susceptibility: the 
expressions “‘small,”” “*medium” and “large” doscs of veratrine will be used 
with reference to the particular animal under consideration 


dose is that whieh resulted in prolonged depre sslons a 


ELECTROGRAM OF S ED MUS« 
8 
Le 


128 \. ROSENBLUETH, J. H. WILLS AND H. HOAGLAND 


Which produced only a moderate degree of repetition and a moderat 
Increase of the residual negativity; finally, a ‘tmedium” dose is that whic 
eheited marked repetition and great residual negativity 

Phe demarcation potential was consistently increased by veratrine 
Phe change was usually slow 1.e., it took place over a period of minut: 
after the injection. Successive injections caused increasing effects. The 
largest change seen was an increase from 14 to 33 my. after injection o 
Oo mgm. per kgm. of veratrine in successive doses of 1 mgm. over a perio: 
of 3) hours 

Phe residual hegativity ol the muscle after single maximal stimulation 


of the nerve was greatly increased by veratrine (fig. 3). The peak of this 


negativity Was frequently higher than the peak of the initial spike poten- 


B 


A 


C D 


hig. 3. Effects of various doses of veratrine on the muscular responses to indirect 
stimulation by single maximal shocks. 

\to D, sartorius. A:normal response. B to D: 0.5, 8 and 53 min., respectively 
after veratrine (lL mgm. per kgm.) Calibrations: 5 mv.; 200 grams: and 2 sec 

kK to G, soleus Kk: normal response. F and G: after injections of veratrine 


and S mgm. per kgm., respectively). Calibrations: 10 mv.; 1 kgm.; and 2 se 


tial. The negativity grew for some time after subsidence of the spike, and 
then declined slowly. The decline was not uniform or smooth. A rela- 
tively positive hump was usually apparent shortly after the peak of the 
negativity and occasionally two such positive humps were visible (fig. 4). 

Repetitive stimulation of the nerve at slow frequencies after small doses 
of veratrine cesulted in a marked summation of negativity. With fre- 
quencies higher than 20 per see., however, less negativity was developed 
than normally. The positive swing after cessation of the stimuli was 
well-marked in these conditions. With moderate doses of veratrine there 
Was more negativity than normal, both during and after the period of 
stimulation, for any frequeney. Both the early positive excursion during 


| 
| 
E F G 


stimulation and the on 


fey} 


cli 


Che spike responses 


were repeulive alter 

arge Increment in the mee 

twitch In some instances the 
| trough thr classical recora 
spike potentials, recorded with 


Gaim, appeared 


por ot 
nplex responses of 


\ normal 


200 grams 1 1 see 


Fig. 5. Repetitive responses of muscle 
nerve t veratrine (1 mgm 


ind Sth (¢ 


Repetitive stimulation at slow rates resulted in a decrease of the amplituce 
and duration of the successive mechanical responses; the bursts of spikes 
showed a parallel decline in Prequeney, amplituds and duration Phus, the 
changes of the mechanical responses could be accounted for by 
sponding variations in the spike potential records, and 
any evidence of a contracture 

The successive spikes in a repetitive burst were at 
svnchronized, later they became small and irregular, indie: 


dispersion of the discharel lements The frequeney of 
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Ompared 1? 1? rie 
ion record showed two domi e ted 
the capaeitv-coupled ampli t higt 
separated bv a of relative qQutescence 
’ 
! ! 
to single shock stimulation of the motor 
The records show the part of the 
Ist (A), 3rd (3) responses ina series at per sec. D, 200 
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be readily measured for the first 8 to 6 spikes in the burst. In a typic 
ease (fig. 5) the interval between the successive spikes in the response to 
single shock were as follows: Ist to 2nd, 4.5 msec.; 2nd to 3rd, 6; 3rd to 4th 
7; 4th to Sth, 7.5; and to 6th, 7 msec. The corresponding frequencies 
declined, therefore, from 220 to 140 per sec. When the stimuli wer 
applied at the rate of 1 per sec. the interval between the Ist and 2nd spikes 
for the successive responses was: Ist response, 4.5 msee.; 2nd, 5.2; 3rd 
5.8; 8th, 6.5 msec. The frequencies, therefore, showed again a decline. 
The amplitude of the initial spike potential in response to single maximal 
nerve stimulation was increased up to 120 per cent of the normal by small 
and moderate doses of veratrine. Large doses resulted in a prolonged 


decrease, but an increase above normal was seen after recovery. The 


Fig. 6. Decrease followed by increase of the spike potential amplitude In response 
to repetitive indirect stimulation of muscle after veratrine (2 mgm. per kgm.) 
Reeords A and B show the effects of different frequencies Note the absence of 
parallelism between the eleetrie and the mechanical responses to the successive 
stimuli. Calibrations: 10 mv.; 500 grams; and 2 see 


increase in amplitude was not due to a better svnchronization of the several 


elements of the muscle, as judged by the duration of the spikes. 

Repetitive stimulation of the nerve after veratrine resulted in character- 
istic changes of the amplitude of the initial spikes of the repetitive bursts 
set up by the stimuli. There was first a decrease and later an increase 
of the amplitude of these spikes. The mechanical effeets corresponding 
to cach stimulus did not show similar changes (fig. 6). It may be inferred, 
therefore, that the decrease of spike amplitude is not due to a decrease in 
the number of acting elements but indicates a diminution of the spike 
potential in each fiber. 

Large doses of veratrine were by definition those which caused a marked 
decrease of the muscular responses. The effects were invariably reversible, 
although recovery took sometimes over an hour. Two different types of 
depression were observed. In some cases the decline of tension after the 


B 
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injection, and the subsequent recovery, were quite parallel with the decline 


and recovery of the electric responses, and Sp eifically of the initial spike 


potential amplitude. In other instances the decrease of tension was quit 
marked and prolonged, while the electric responses showed only a slight 
and transient reduction, or else after severe depression of both the electric 
and the mechanical phenomena the former recovered more rapidly than 
the latter (fig. 3). It was thus possible to record supernormal electri 
responses With subnormal mechanical effects (fig. 3, D and G Such super 
normal electric records showed not only a large initial spike potential and 
subsequent repetition, but also a large residual negativits 

An independence between the spike amplitude and the developed 
tension, on the one hand, and between the residual negativity and the 
tension, on the other, is thus revealed by veratrine. A’ relative inde- 
pendence between the spike potential and the slow negative waves was 
seen in the quicker recovery of the spike than of the residual negativity 
after a large dose of veratrine. 

C.. Live effects of yohimbine. This drug augments the positive alter- 
potential of nerve (Graham and Ciasser, 1934). It was considered. of 
interest to see whether it would similarly increase any of the positive com- 
ponents of the electromyogram. The results in 3 cats were inconsistent 
In 2 cases vohimbine increased the positive wave in response to single nerve 
volleys, but in the third this wave was decreased and the negative waves 
became more prominent than normally. Again, in 2 cats negativity 
accumulated more than normally during tetanic stimulation, but in the 
other cat there was evidence of predominating positivity, rather than 
negativity, in these circumstances. The mechanical responses were not 
significantly modified by the drug. 

Because of this inconsistency of effects the study of vohimbine was not 
pursued further. It is important, however, to emphasize that greatly 
increased residual negativity was seen during tetanic stimulation without 
any increase of the mechanical responses. 

ID. The responses of denervated muscle to acetylcholine. Denervated 
muscles respond to acetylcholine first by a contraction, then by a contrac- 
ture (Brown, 1937; Rosenblueth and Luco, 1937). The period of con- 
traction corresponds to a burst of spike potentials. In addition to these 
electric phenomena Schiffer and Licht (1926) have reported the appear- 
ance of a slow negative potential coincident with the development of 
tension. 

Kxeluding from the following description the spikes which attend the 
contraction, one or more of the following slow potential changes were 
seen in the electrograms (see fig. 7). An initial positive excursion coin- 
cided with the beginning of contraction. It was promptly followed by a 
change of potential in the opposite direction, so that the muscle became 
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the electrogram corresponded with thi 
oO contracture During and after the period of re 
came tnercasingly negative Phe peak of negati 


when the muscle had partiall totally relax 


then slowly subsided Phe late negative 


tha clectrograms, While some the othe: chang 


Phe initial positivity. was less prominent when small (10> to 204 
1504 dos Ss Ob ne tvieholine were injected than It Was 
intermediate doses. Successive injections with intervals of 80 to si 


eaused thr appearance Ob progre ssively smaller eleetrie r SPONses, while t] 


choline 


7. Responses of denervated muscle to intra-arterial injections 


\. Femoral nerve cut 13 days previously. Response to acetyleholine 


B. Femoral nerve cut 12 days previously Responses to 2 injection 


ns: 10 mv und 200 grams for A 


mechanical effects could either increase or decrease (fig. 7B). The posi- 
tive Component Was sometimes emphasized by the later Injections. 

The differences between sartorius soleus. Only quantitative 
differences were noted between the two muscles. Thus, while the averag 


demarcation potential of sartorius was 14.5, that of soleus was 16 m) 


The average maximal spike potential of sartorius was 3.4, that of soleus 


7myv. The slow potentials during and after repetitive stimulation of th 
two muscles varied similarly with changes of rrequency, but the rate of 
stimulation at which any of the changes described previously took plac 
section A) was lower for soleus than for sartorius. The effects of vera- 
trine (section B) were similar and equally striking on the two muscles 
hig. s 

It is frequently stated that neither sartorius nor soleus is composed 
exclusively of fast and slow muscle fibers, respectively, but that each is 


mixed, with the preponderance of one or the other type of muscular ele- 
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ments Phe heterogeneity 

potentials, which could show 2 crests, and 

also show 2 components separat d by a more or less 

It was found, however, that both the fast and slow elemen 
are faster than the corresponding fast and slow component 
Thus, the times for development of the two crests in the 


these muscles were 34 and 75 msec. for sartorius, and 45 a 


soleus. 
DISCUSSION. Phat the spike potential of 


electric phenome na Was recognized by Bishop and Culsom (1927 


Schaefer (1936). Schacter referred to these slow components as atter 


potentials. It is desirable to distinguish, if possible, the slow potentials 
associated with conduction from those associated with contraction Phe 
conduction potentials include the spike potential and the afterpotentials; 
the contraction potentials would a przort be expected to include only rela 
tively slow components ol the electrogram. To « omplete the svstematiza 
tion of striated muscle potentials a third class of electric phenomena should 
be considered: the excitation potentials. To this class belong the end-plat: 
potentials studied by Gépfert and Schaefer (1937), by Eccles and O'Connor 
(1939) and by Feng (1940), since these potentials are not associated with 
either conduction or contraction. 

The similarity between the conducting mechanism in muscle and that 
in nerve is supported by the similar action of veratrine upon the two 
structures. “Thus, the responses of nerve to single shock stimulation ar 
repetitive after veratrine (Dun and Feng, 1940; Acheson and Rosenblueth, 
1941). The repetitive responses of sartorius in figure 5 could be due to 
repetition of the motor nerve impulses. Baeq and Brown (1937), and 
Feng (1938) have shown, however, that curarized and veratrinized muscles 
also respond repetitively to single-shock direct stimulation. 

The initial spike amplitude in the responses of veratrinized nerve to 
repetitive stimulation decreases typically for a briet period of time and 
later increases (Acheson and Rosenblueth, 1941] Similarly the initial 
spike amplitude of veratrinized muscles stimulated repetitively shows an 
early decline and a late rise (fig. 6 

The negative afterpotential of nerve is augmented by veratrine (Graham, 
1930). The residual negativity of muscle is in turn greatly increased 
after injections of the drug (figs. 3, 4 and 6). It may be inferred that this 
augmented negativity is due to a large negative afterpotential i.e., that 
it represents a conduction, not a contraction pote ntial. This inference ts 
supported by the independent variations of the amplitude and the time 
course of the slow negative potentials and of the mechanical re sponses ol 
veratrinized (fig. 3) and vohimbinized (p. 731) muscles 

Several of the positive potentials recorded did not show any temporal 


correlation with the changes of tension in the muscle during and after 
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contraction (sections A and B). For this reason and in analogy with th 
phenomena in nerve, it is likely that some of these positive changes ma 
be muscular conduction afterpotentials. As stated in section C, the test 
of this inference by vohimbine failed to vield a consistent answer. Thi 
irregular results obtained with this drug mav be accounted for by th 
assumption that vohimbine augments not only the positive, but also thi 
negative atterpotential of muscle. 


None of the potential changes deseribed was Invariably correlated in time 


course with the mechanical response. However, when the development 


of tension coincided with an eleetric deviation, the potential was relatively 
positive. “Thus, the early positive swing during high frequency simulation 
of normal muscles (fig. 2G) had a time course approximately parallel with 
that of the initial rise of tension. It is tentatively inferred, therefore, that 
at least one of the contraction potentials is a positive potential. This 
inference may be surprising, since activity has been traditionally asso- 
ciated with negativits However, there is no a priort reason for the asso- 
ciation of any specific electrical sign with the physicochemical changes 
attending contraction. 

The muscular changes associated with contraction are not limited to 
the development of tension but include also recovery. processes. It) is 
likely that such processes include physicochemical changes with eleetris 
manifestations. It is possible, for instance, that the prolonged delayed 
negative wave elicited by acetylcholine in denervated muscles may corre- 
spond to such recovery. This wave might be duc, however, to a prolonged 
depolarization of the muscle. A similar negativity was scen in normal 
muscles after injections of IWC, with little or no preceding contraction. A 
more detailed svstematization of muscle potentials requires further data. 
With the present evidence it appears that the contraction potentials are 
largely masked by the conduction phenomenon. 

The relations existing between the spike potential and the mechanical 
response in striated muscle are still undetermined. While Briicke (1908 
and Beritoff (1924) stressed the independent variation of the two phenom- 
ena in fatigue, Fulton (1926) and Davis and Davis (1932) suggested that 
the spike potential is the agent which directly releases the energy changes 
which attend contraction. The present data indicate that there is a large 
degree of independence between the spike potential and the mechanical 
effects. Thus, the mechanical responses may be equal when the spike 
potential amplitude varies considerably upon repetitive stimulation aftet 
veratrine (fig. 6). Furthermore, during the period of recovery after injec- 
tion of a large dose of this drug, large spike potentials may be followed by 
minimal contractile responses (fig. 3). It is concluded, therefore, that 
although the spike potential may directly or indirectly activate the con- 
tractile svstem, the magnitude of the mechanical effect is independent 
of that of the electrical phenomenon. 
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SUMMARY 
The electric responses ol circulated 
were recorded with direct-coupled amplification togethe: 


ical effects of indirect stimulation 


The electrogram of normal muscles is complex; 


followed by slow potential changes (fig. | Repetitn 
in summation of some of the slow components (hg 
the negative slow components of the electrogram 
to other striking effects (figs. 5 and 6; section B 
larly increase the negative residual potentials 
change of the mechanical reactions (section ¢ 
denervated muscles to Injections Of acety leholin 
components (fig. 7 

The following svstematization of muscle poten 


tion potentials, which precede conduction (e.g 


conduction potentials thi spike and the aft 
pot ntials (those associated with the deve lop ht of tensiol 
corresponding recoverv. processes 

None of thi pot ntials recorded was invariably correl: 
contraction When such a correlation ared. the 


tively positive. It is inferred that one of the contraction pote 


positive. An independent variation of the residual negativity and of 


contraction 1s produced by veratring fig. 3 It is inferred that 
negativity denotes an afterpotential. The spike potential amplitud 


tension may also vary independently (figs. 3 and 6 
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SOME OF VERATRINE UPON CIRCULATED 
VIAMMALIAN NERVES 
ACHESON ano A. ROSENBLI 
e Ha 
\ecepted for publication May 17, 1941 
The original purpose of this study was to compare the properties of 


nerves, muscles and neuromuscular junctions as revealed by the effects of 


certain, drugs, among which was veratrine. It soon became apparent, 


however, that the information available on the action of veratrine upon 


mammalian nerves was not sufficient for that Comparison, The present 
paper deals with some of the effects of veratrine on the A fibers of cireu- 
lated cat nerves. 

Merruop. Incats under dial anesthesia (Ciba, 0.75 ee. per kgm., intra- 
peritoneally) the sciatic nerve on one side was cut at its emergence from 
head of the fibula and 
the central end was dissected free for about 3 em. One or two pairs of 


the pelvis. The peroneal nerve was cut near the 


shielded) silver-wire electrodes were placed for stimulation toward the 
pelvie end of the segment of the peroneal isolated by the cuts. In ordes 
to prevent muscular responses by spread of the stimuli, the popliteal and 
the nerves to the hamstring muscles were cut. 

Recording electrodes of the Sherrington ty pe (shielded by glass tubing 
were applied to the dissected peripheral end of the peroneal. Two larg: 
chlorided silver wires were sufficiently impolarizable for accurate recording 
of the nerve potentials. The stimuli were condenser discharges rendered 
diphasic by passage through a transformer. 

Care was taken to preserve the blood vessels of the nerve. Intra-arterial 
injections were made into the abdominal aorta through a cannula tied in 
the inferior mesenteric artery. That the nerve was adequately supplied 
with blood was shown by the prompt effect obtained upon injection of 
veratrine (see fig. 6). The upper parts of the animal gave much less evi- 
dence of veratrine poisoning than the area supplied by the lower abdominal 
aorta. The heart remained strong, and adequate respiration continued, 

The electric responses were recorded from a cathode-ray oscillograph. 
kor the investigation of the slow components of the responses and their 
correlation with spikes, five-stage direct-coupled amplifier was used, 
The more rapid components were more conveniently studied with the aid 
of a five-stage capacity-coupled amplifier. 
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A. Demarcation potentia Phi 
from an intact toa crushed region of the nerve 
tion potential could therefore be readily followed in 
which the dire et-coupled amplifier was used 

Bishop (1982 observed a decren f the demarcation 
region Of a herve was treated veratrine \ decrease 
in the present study. On the other hand, an increase, in 
was also oceasionally present. “The conditions which 
ol the change were not studied Kon present purposes 
state that all the effects to be described below could ove 
demarcation potential had been increased or decreased, ot 
unchanged by the dose of veratrine administered 

B. Conduction velocity. The conduction velocity of the fastest A fibers 
was Calculated from the stimulus-response interval in the usual manne 
The sources of error inherent to this method are well known In order to 
minimize the error due to spread of the stimulus, submaximal shocks were 
emploved, which activated about 50 per cent of the A fibers in the nerve 

Relatively small doses of veratrine (e.g., 0.5 to 1 mgm. per kgm.) resulted 
as a rule in no significant change of conduction velocity Larger doses 
caused usually a marked decrease of conduction velocity of both the a and 
38 clements in the nerve. Thus, in a typical instance, while an initial injec- 
tion of veratrine, | mgm. per kgm., produced no slowing of conduction, a 
further similar injection made 10 min. later reduced the velocity 
fastest A fibers from 100m. per sec. to 738 m. per sec 

When the nerve was stimulated repetitively at frequencies of 1 to 60 pe 
sec. after injections of veratrine, all responses altel the first one took place 
before subsidence of the negative afterpotential corresponding to thi 
preceding response (see section 1)). Indeed, in these conditions the nervy 
impulses often occurred during the period of increased electrical excitability 
following the preceding impulse, that is, during the period of supernor- 
malitv. Whether or not veratrine had slowed the conduction velocity ot 
the resting nerve there was never any evidence of an increase in the rate ot 
conduction of impulses during the supernormal period. These observations 
agree with those of Graham and Lorente de N6 (1938) on normal cireu- 
lated mammalian A fibers. 

petitive reSPOnses, Veratrine causes nerves to discharge 
tively in response to single brief submaximal or just maximal shocks 
Gasser, Richards and Grundfest, 1938; Dun and Feng, 1940 


few repetitive responses were fairly svnchronized and occurred at rates as 


high as 660 per sec, (fig. 1). They then became progressively less svnehro 


nized and gave way to a continuous, gradually decreasing, asvnchronous 
firing, which might last as long as 25 sec. after a single stimulus (fig. 4 


The degree of repetition could be judged eithe rby the rate and amplitud 
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of the early svnehronized responses or by the amplitude of the later, 


asvnehronous discharge. In the latter case, a large amplitude, that is, 


high average spike height, was taken to indicate frequent random svnehro 


nization of large numbers of clements firing at high frequencies. The 


1. Karly synchronized repetitive spikes and augmented negative 
of circulated peroneal nerve after veratrine (1 mgm. per kgm.). A to EB, 


ore sponses to maximal shor ksata Prequency of O per sec monstt iting the decline 
of rate and magnitude of repetitive responses alte! the first shock In this and sub 
sequent figures showing sweeps, stimulus occurs at extreme left Calibration at 
bottom, 500 eveles Direet-coupled amplifier 

big. 2. Influence of frequency of stimulation on rate of repetitive responses after 
veratrine fimgm. per kgm.) Mach sweep represents the response to a single maxi 
mal shock several seconds after the beginning of a series at one of the following fre 
quencies A O38: B. G.82:C. 1.8: D, 3.2: 3:6: and F. 9.0 per se Calibration, 500 
veles. Capacity-coupled amplifier 

hig. 3. Effect of veratrine on repetition and negative after-potential. Stimulation 
at S per scx A and B, after a dose of 2.4 mgm per kgm.: Cand D, after an additional 
dost ol 5 per kgm \ and ( condenser -coupled ampli fic r al high gain, to show 


asvnachronous repetition Band D, direct-coupled amplifier at lower gain, to show 


negative after-potentials. The initial spikes were larger than appears in all the 


records 


gradual decline of repetition rendered the duration of the response an 
inaccurate measure of repetition. 

With increasing doses of veratrine the two criteria mentioned above 
generally revealed a greater degree of repetition. Figure 5 illustrates the 
increase of both the rate and the amplitude of the early synchronized 


responses with successive doses of the drug. A similar increase with dose 
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was found when the amplitude of the asvnehronous phase of t 
was studied. Large doses could bring about a decrease of the 
fig. 3A and C 

When, beginning with barely liminal stimuli, the shocks wer 
sively intensified the results were as follows. Repetitive respons 
elicited even by weak shocks which activated only : action ot 
fibers. As the shocks were strengthened the degre ol repetition mcrenase dl 
with respect to the amplitude of the irregular spikes recorded. Shocks 3 
or 4 times stronger than those maximal for the A and B file 
did not cause anv significant increase of repetition over that 
just maximal stimuli. It may be concluded, therefore, that here 
ol repetition is not a function of the intensity of shock 


number of fibers activated. 


second stimulus Wits delivered before the repetitive response 
shock had subsided in other words, if repetitive stimulation 
frequencies Was used — the asvnehronous phase of the response showed thi 
following changes. The additional stimuli, after the first 
increase of the discharges \s a rule the first shock ina train 
greatest effects: additional shocks produce d less repetition 
however, the second or third shock resulted in mor 

from the first. The greater the frequeney of stimulation, 
Increment OF response contributed by each additional shock 
prolonged repetitive stimulation, however, each shock stil 

tive discharge, if the frequency Was moderate Thus, in one 


l 


after 20 sec. stimulation at the rate of 5 per sec. repetitive bursts were still 
present. The subsidence of the rep titive discharges aft { shock 
In a train of stimuli took place sooner than when 
applied. 

The influence of the frequeney of stimulation on the degree ot 
ness elicited per shock could also be seen as a change in the rate and ampli- 


tude of the synchronous vollevs immediately following cach stimulus 


Figure | shows these early repetitive responses to a series of stimuli at 


0.7 per sec. The first stimulus produced a response in which repetitive 
firing began at a rate of 660 per sec. In response to the third stimulus the 
rate of repetition was 530 per see., and in the subsequent responses the same 
rate Was maintained. By applving different frequencies it was found that 
the level of this steady state is a function of the frequeney of stimulation 
Figure 2 exemplifies this relation. With increasing frequencies of stimula- 
tion the rate and amplitude of repetition decreased. When stimulation 
rates of 1 per sec. or less were emploved, the repetition was essentially like 
that which follows a single shock in the rested nerve. 

ID. The negative afte rpote ntial, As shown by Graham (1930) veratrine 


The description has dealt thus far with the results of single shocks. Tf a 


H \CHESON AND A. ROSENBLUETH 


Iv increases the negative afterpotential of nerve. — In figure 6 is show? 
prompt merease OF negative alterpotential following Injectlon OF Vera 
0.5 mgm. per kgm.) ina typical observation, Negative afterpoten 


tinls with peak values as high as 2 to 4 mv. were recorded. They some- 


Fig. 4. Prolonged repetitive discharge in response to a single maximal shock afte 


veratrine (3.5 mgm. per kgm.). Capacity-coupled amplifier, high gain. The initial 


spike went off the tube Phe successive strips show the asynchronous discharges at 


the beginning of the response and 5, 10 and 15 sec. later Phe irregularities in the 
last record as compared with the initial background before stimulation indicate that 


the nerve was still active. Time calibration: 1 see 


Fig. 5. Influence of dose of veratrine on repetition. Superimposed tracings from 
the original film. Responses to single maximal shocks. Lowest record: normal 
control The progressively ascending, records correspond to responses after vera 
trine, 1, 2, 3 and 4 mgm. per kgm. Time: 1 msee. intervals. Voltage calibra 


tion: Lmy 


times attained 60 per cent of the magnitude of the conducted spike and 


were still measurable more than 12 sec. after the stimulus. Average figures 
after 2 to 3 mgm. per kgm. of veratrine were as follows: spike magnitude 
7 toS em. conduction), 3 to 3.5 mv.; peak of negative afterpotential, 1.5 


to 2 mv.; duration of negative afterpotential, more than 6 sec. 


| 


to 30 min 
dose 
doses ot 
administered iteresting 


drug was present, an additional injection could y 


Fig. 7. Influence « dose of veratrine on 
tracings from the original film. Responses 
sively iscending records correspond 


veratrine ealit ition: OL see 


increase of the negative afterpotential, whereas the « 


caused by a single stimulus was reduced (fig. 3 


\s revealed by fast records, the peak of the negative afterpotential 


occurred usually some milliseconds after the first 

finished (fig. 5). Doses of veratrine which caused a signi 

of the negative atterpotential caused likewise the appearance ol 
discharges. That a delaved maximum of residual negativity may « 
without anv detectable repetition has been shown, howevet 


and Graham (1931 
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smphlitude of the negative 
the drug Phe amplitude ot thr 
when plotted against the dose « habe 
to note that after a certan mount e] 
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As was shown above for the degree ol repetition, the amplitude und 
duration of the negative afterpotential did not increase when the stimuli 
were intensified bevond maximalityv. It may be concluded that the nega- 
tive afterpotential is elicited by the spike response, not directly Ix the 
stimulus (see Gasser and Erlanger, 1930). 

Repetitive stimulation at frequencies of 1 to 120 per sec. resulted in a 
summation of the negative afterpotentials corresponding to the successive 
responses (fig. 8). As a rule the highest residual negativity developed for 
any train of stimuli was that present at the peak of the response to the first 
shock. Only rarely did relatively high frequencies of stimulation (e.g., 
60 per sec.) produce, after a few shocks, more negativity than that attained 


Fig. 8 Fig. 9 

Fig. 8. Negative afterpotentials in response to maximal stimulation at various 
frequencies after veratrine (2 mgm. per kgm.) Frequencies: A, 0.45: B, 4.1; ind ¢ 
60 per sec Direct-coupled amplifier. Voltage calibration: 2 my Time calibration 
I see The spikes were larger than appear in the records 

Fig. 0. Changes in spike magnitude in response to maximal stimulation at various 
frequencies after veratrine (2 mgm. per kgm.). Frequencies: A, 1.6; B, 13; C, 60 
per sec. Direct-coupled amplifier. Voltage calibration: 5 my Time calibration 


sec 


in response to a single stimulus. With increasing frequencies of stimula- 
tion the additional residual negativity contributed by each shock decreased. 


Ki. Spike magnitude. Moderate doses of veratrine (e.g., 1 to 2 mgm. per 


kgm.) usually caused no significant change or a slight increase of the spike 
magnitude in response to a supramaximal stimulus. Further injections 
resulted in a decrease of the amplitude of the spike potential. Such a 
decrease could be due to a change of the response in each of the axons of the 
nerve, or it could be produced by the dropping out of some axons because 
of impaired conduction, the remaining fibers retaining a full-sized spike. 
It will be shown below that veratrine may indeed prevent conduction in 
nerves. When this occurred the nerve responses returned within a few 
minutes to slightly less than the spike magnitude prevailing before the 
injection. The decrease in amplitude under consideration in this section, 
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on the other hand, endured, practically unabated, for over an hou 
likely, therefore, that veratrine can produce a decrease 
tial amplitude of A fibers. 

Repetitive stimulation after veratrine resulted usually in a characteristic 
sequence of the spike potentials recorded, The responses TO SUCCESSLV¢ 
shocks in a train first decreased in amplitude to reach a minimum at about 
15 to 50 msee. after the beginning of the series of stimuli. The spikes grew 
thereafter, remaining as a rule lower than the first maximal spike even i 
the stimuli were delivered for 5 to 30 see. The changes were not due to 
decrease of the excitability of the nerve fibers, for the stimuli could be 
greatly intensified bevond maximality with no change in the results. With 
frequencies of 0.5 to 200 per sec. the final level, e.g., after 5 sec. stimulation 
was lower for fast than for slow rates of stimulation. With higher fre 
quencies (e.g., 800 to 500 per sec.) the results were complex and their stud) 
was not pursued, 

Figure 9 illustrates these changes in spike magnitude It is evident 
that the reduction of amplitude for all the shocks subsequent to the first is 
present whether the spikes be measured from the baseline from = which 
they depart or from the original baseline prevailing before the repetitive 
series of stimuli was started, 

In all the cases in which this reduction of response was observed thi 
shocks were applied at a time when the nerves were firing repetitively as a 


consequence ot preceding stimull. It. is probable, therefore, that some ot 


the fibers in the nerve should have been refractory at the time of applica- 


tion of the later stimuli. A reduction in the amplitude of the recorded 
spikes could then be due to a decrease in the number of responding elements. 
It is impossible to evaluate accurately the réle of this refractory condition 
of some fibers in the records obtained, and hence to decide whether or not 
an additional factor was at play. The following observations favor the 
interpretation that the phenomenon is not due exclusively to a decrease of 
the number of fibers activated by stimuli subsequent to the first in a series. 
With relatively small doses of veratrine a marked degree of repetition was 
seen in several animals with only a slight drop of the ceiling of the spikes 
elicited by trains of stimuli at various frequencies. Further injections of 
veratrine resulted occasionally in a reduction of the repetitive after-dis- 
charge with a greater decrease of spike amplitude during repetitive stimu- 
lation (fig. 3). 

In two cats the whole sciatic was stimulated. The mechanical responses 
of the Achilles tendon muscles were recorded on a kKymograph and_ the 
electric responses of the peroneal nerve were led to the amplifier and oscillo- 
graph as usual. Figure 10 illustrates the records obtained after veratrine 
(8 mgm. perkgm.). It is clear that the reduction of nerve electric response 
to successive stimuli is not attended by a parallel reduction in the mechano- 
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t shock It is concluded, the retore, 
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Fig. 10. Independence of nerve spike amplitude and of muscular responses 
veratrine wm. per kg Maximal stimulation of the sciatic nerve at thie 
ord: mechanogram from Achilles-tendon muscles 
| pper tracing: relative magnitude of the initial spikes reco! 
lv from the peroneal nerve 
inte degree of response to repetitive stimulation : 
veratrine mgm. per kgm.) \. Responses to first 11 shoeks in a series Direct 
coupled amplifier B. Measurements of several features of the responses in The 


numbers in the abserssne corresp md to the suecessive shocks Circles: mag ide 


of imiti il Dots: rate of repetition (caleulated from first 2 or 3 


White Squat magnitude of second spike Black squares: merement 


nti il 


to the even-numbered shocks. Occasionally every third or fourth shock 
produced a larger response. While alternation usually decreased and 
became unrecognizable after the seventh or ninth shock, in’ some instances 
it persisted through as many as twenty responses 

Several features of the responses participated in the alternation. Figure 
11.A shows the early part of the responses to the first eleven maximal shocks 
delivered to the nerve at arate of 7 persec. In figure 11B the data for the 


response to each shock are plotted In columns corresponding to the orde) 
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of shocks. The most. striking alternation occurred in 
white squares) and rate (dots) of the svnehronized repetitive 
responses. “There was no alternation of the individual spik« 
repetitive train; the train as a whole grew alternately larg 
IN response TO SUCCESSIV' shocks Phe increment of negative 
contributed by each shock (black squares) also waxed and wan 
Less obvious, in some instances not demonstrable, was alterna 
magnitude of the initial spikes following the stimuli (circles 

Frequency of stimulation was critical for the occurrences 
The phenome non rarely occurred at rates lower than 5 or h vg 
per sec. If maximal stimulation was gradually accelerated from 
per sec. alternation appeared suddenly at some frequency within th 
range and then vanished at a higher frequency. With this procedure th 
magnitude and rate of the early svnehronized repetitive spikes of 
larger responses during alternation were greater than those of non-n 
nating responses at frequencies Just below the range of alternation 

The appearance and degree of alternation were not affected by increasing 
the strength of the stimuli up to 3 times maximal; they were not influenced 
by the dose of veratrine (from 0.5 to 6.5 mem per kom Phere was no 
correlation between the degree of alternation and the changes of imi 
spike magnitude on repetitive stimulation illustrated in figure 4 

Gi. Electrical excitability. An increase of the resting electrical excitabil 
itv of nerves after veratrinization has been reported by several observers 
see, for references, Graham, 1934 Increased excitability was Commonly 
seen in the present study soon after an injection of the drug. ‘This stage, 


however, was followed within a few minutes by a prolonged decrease so 


that the resting electrical excitability was less than before the injection 


When several small doses (e.g., 0.2 to 0.56 mgm. per kgm.) were injected 
with intervals of 10 to 30 min. each successive dose resulted, as a rule, in 
the sequence of changes of excitability mentioned above, first a transitory 
increase and then an enduring decrease. Since the successive injections 
were often given at intervals of time which insured cumulative effects, 
it is likely that the period of increased excitability does not correspond to a 
small concentration of the drug in the nerves but rather to the penetration 
of the poison into the nerve. 

Whereas the period of increased excitability was too brief for a detailed 
study of the strength-duration curve, that of decreased excitability could 
be studied at leisure. The voltage-capacity curve was found to shift 
upward and to the left. The voltage parameter increased markedly, while 
the time parameter decreased slightly. 

In some observations the nerve was stimulated by fairly long (17 mse 
direct current pulses. In normal nerves the lowest threshold for stimula- 


tion is to the make of the current, and a response to the break is obtained 
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only with 2 to 5 times stronger currents. After veratrinization the respons: 
to the break was obtained with the same intensity as, or even with weake: 
currents than, those necessary for responses to the make. This striking 
change in the relative thresholds for stimulation with the make and thi 
break may explain effects seen occasionally using condenser discharges as 
stimuli. When the eathode was proximal to the recording electrodes and 
the voltage was progressively increased the first response detected had a 
long latency, corresponding to conduction from the distal anode. With 
stronger stimuli an additional earlier spike appeared with a latency proper 
to conduction from the cathode. Further intensification resulted in’ an 
increase of the early response and a decrease of the later spike. Finally 
only a maximal A spike from the cathode was seen. 

The changes of excitability resulting from conditioning the nerve by a 
maximal stimulus were studied as follows. Two pairs of stimulating elec- 
trodes were applied. The pair distal to the recording electrodes was used 
for the conditioning stimulus, and the proximal pair delivered the single 
or repetitive submaximal test stimuli. A decrease or an increase of excit- 
ability after the maximal conditioning stimulus was indicated by a decrease 
or an increase of the amplitude of the responses to the test stimuli. 

In some of the animals studied veratrinization did not result in a period 
of supernormality —i.e., at no time after a conditioning stimulus was there 
any evidence of increased electrical excitablitv; indeed, the obvious result 
of veratrine could be a prominent subnormality prevailing for over a second 
after the conditioning shock. This absence of supernormality was seen 
in nerves3n which the dose of veratrine injected had caused marked repeti- 
tion and Increase of the negative afterpotential. These results agree with 
the observations made by Graham and Gasser (1931). 


In othler cases the conditioning volley was followed by supernormality 


which disappeared after about 0.1 see. Finally, in other instances an 
initial subnormality was followed after 0.05 to 0.15 see. by a later more 
prolonged supernormality. In all cases a large and long negative after- 
potential was present. When an apparent subnormality was present the 
minimal responses coincided roughly with the peak of the negative after- 
potential of the conditioning volley and with the minimum of the decrease 
of spike magnitude when a series of maximal stimuli were applied 
(section I). 

The results are complicated, and their interpretation made consequently 
difficult, by the two following factors. First. an approximate estimation 
of the number of nerve fibers activated by a submaximal test stimulus can 
be made by comparison with the responses elicited before conditioning 
only if the spike amplitude per fiber remains constant. It was shown 
above, however, that the spike magnitude varies during repetitive stimu- 
lation after veratrine (fig. 9). 
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The second complicating factor for the interpretation of the observa 
tions on changes of electrical excitability with repetitive test. stimuli 
lies in the phenomenon of recruitment. As pointed out by Gasser (1938 
trains of subliminal stimuli are able to recruit fibers over series of several 
shocks, so that the responses become progressively larger as stimulation 


is continued. Veratrine favors, as a rule, the appearance of recruitment 


The observations of Gasser were fully confirmed. The first complicating 


factor—a change of spike magnitude—was present in all the observations, 
whether single or repetitive test shocks were employed. The factor of 
recruitment was especially significant when the test stimuli were applied 
continuously at relatively fast rates (1 to 60 per sec.) 

H. Abolition of nerve responses. Doses of veratrine of 2 to 5 mgm pel 
kgm. greatly diminished or canceled entirely any recordable electric re- 
sponses. The effect was reversible; within a few seconds to several minutes, 
spike potentials could again be detected, their amplitude increased and a 
complete recovery was soon reached. Further injections could again 
lead to new reversible cancellation of the responses. 

In 5 animals the whole sciatic nerve was stimulated. The electric re- 
sponses of the peroneal or the popliteal nerve and the mechanical responses 
of the Achilles tendon muscles were recorded. In 4 of these 5 cats a di 
crease or an abolition of the muscular responses coincid’ d rigorously with a 
decrease or an abolition of the nerve responses. In the exceptional animal! 
the muscular responses were markedly and reversibly reduced by doses of 
veratrine which did not significantly decrease the amplitude of the nerve 
spike potentials. It may be inferred that in the conditions of these experi- 
ments failure of muscular responses after large doses of veratrine is usually 
due to a toxic effect on the motor nerve fibers. 

Discussion. The appearance of repetitive responses after veratrine 
was coincident with an increase of the negative afterpotential. The latte: 
is probably a manifestation of a process elicited by the spike response, not 
directly by the stimulus. Thus the conduction velocity of the negative 
afterpotential is the same as that of the spike potential. Furthermore, the 
amplitude and time course of the negative afterpotential do not depend 
on the intensity of the stimuli (p. 742). It is likely, therefore, that the 
additional spikes in a repetitive burst add to the residual negativity caused 
by the first spike in the response. That veratrine increases the negative 
afterpotential resulting from a single spike is shown, however, by the greatet 
residual negativity of veratrinized nerves as compared to normal nerves 
when stimulated repetitively even at high frequencies. It is also shown 
by the observations on excised nerves, in which an increase of the negative 
afterpotential is the rule and repetition only exceptional (see Graham and 
Gasser, 1931; Gasser, Richards and Grundfest, 1938). 

The results of repetitive stimulation (fig. 8) support Gasser’s (1937 
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conclusion that the negative afterpotential is capable of summation. Thi 
maximal residual negativity occurred as a rule shortly after the first spik: 
and further stimuli had only slight additional effects. The suggestion 
emerges that the process responsible for the negative afterpotential is 
limited and that a period of recovery is necessary after a response before a 
full-sized development of the process Mav be renewed. The existence of a 
recovery period for the process underlying the negative afterpotential 
does not support the view that the residual negativity is due to the metabo- 
lites of nerve conduction (see Gasser, 1937, for a discussion of the inter- 
pretation of nerve afterpotentials). 

The frequeney and duration of the repetitive burst of impulses elicited 
by a single stimulus after veratrine does not depend upon the intensity of 
the stimulus (p. 739). It is likely, therefore, that the burst is a conse- 
quence of the first spike. As in the case of the negative afterpotential, 
successive shocks in a series add only slightly to the preéxisting repetitive 
responses. An argument similar to that used above suggests that the 
process underlying repetition is limited and requires a recovery period. 

Repetitive discharges of mammalian A fibers in response to a single 
brief shock may be seen in other conditions: alkalinity, asphyxia, low Ca 
(Lehmann, 1937a, b,c). That the mechanism of repetition after veratrine 
is probably different from that which corresponds to those conditions is 


suggested by the two following considerations. In the cases studied by 


Lehmann the repetition was mainly an exaggeration of spontaneous con- 
tinuous discharges taking place without stimulation; furthermore, the 
resting electrical excitability of the nerves was greater than normal. After 
veratrine, on the other hand, the resting electrical excitability may be less 
than normal (p. 745) and there is no evidence of any spontaneous dis- 
charges outside the periods of stimulation. 

Gasser and Grundfest (1936) found a good correlation between the 
degree of spontaneous repetitive discharge of cut phrenic nerves and the 
supernormal excitability during the periods of negative afterpotential. 
Such a correlation was also present in Lehmann’s (loc. c7t.) observations. 
It is likely that supernormality, when present, may favor repetition of 
responses after veratrine. Repetition was seen, however, in nerves in 
which there was no evidence of supernormal excitability at any time after 
a conditioning shock (p. 746). Since in these nerves, as well as in those 
which did show supernormality, the resting electrical excitability was 
decreased by veratrine, it is clear that repetitive responses may occur 
despite a depressed electrical excitability. 

An inereased excitability of nerve would probably promote repetition 
of response whatever the mechanism responsible for that repetition. It 
would, on the other hand, be an indispensable factor only if repetition were 
due to a continuous subliminal stimulation. An alternative assumption 
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is that nerve, like the heart, has the intrinsic ability to discharge r] 
mically. Veratrine may favor the manifestation of this ability 
long enduring rhythmic discharges could then be due to any of the lor 


ny 


enduring processes which follow the first response, e.g., the process which 


underlies the appearance of the negative afterpotential. The analogy 
with the heart is supported by the well-known fact that a quiescent heart 
or strip of cardiac muscle may start beating rhythmically after application 
of a single stimulus. 

As mentioned in section E, the initial spikes in response to successiv« 
shocks after veratrine show a characteristic decline of amplitude followed 
by a later increase. Some of the factors which complicate the interpreta- 
tion of the phenomenon have been stated (p. 743). Since the first shock 
causes the appearance of a repetitive burst the subsequent stimuli may find 
some of the fibers refractory. Furthermore, increased temporal dispersion 
of the recorded response due to slowed conduction during the relatively 
refractory period would result in a decrease of the magnitude. The 
observations in which the muscular responses were recorded together with 
the nerve potentials (fig. 10) strongly support, however, the inference that 
the early decrease of the recorded spikes is due at least in part to a diminu- 
tion of the spike amplitude of each fiber. 

The decrease of the spikes occurs at the time when the negative after- 
potential is approximately at its peak. It is tempting to infer a correlation 
from this parallelism. Certain observations, however, suggest an addi- 
tional mechanism for spike depression. Thus, in some experiments a given 
dose of veratrine determined the appearance of a large negative after- 
potential without any significant early decline of the spikes. This addi- 
tional factor may be the rate of repetition of the responding fibers. “The 
assumption that the amplitude of the spike potential is inversely propor- 
tional to the frequency of discharge accounts both for the early deelin 
of the responses— since many fibers would be then discharging at a rapid 
rate—and for the later rise, when the rate of repetition would probably be 
slower. This assumption agrees also with the decline of spike amplitude 
observed upon rapid stimulation of normal nerves. 

Alternation (fig. 11) could be due to variability either in the number ot 
fibers activated by successive stimuli or in the responses of a constant 
number of fibers——i.e., alternation of individual fibers. Since the initial 
spike amplitude alternated only slightly as compared to the marked 
changes in the other features of the responses, and since alternation was 
independent of the intensity of stimulation (p. 745), it is concluded that 
alternation may occur in individual fibers. The existence of a critical 
range of frequencies for alternation suggests that the phenomenon is duc 
to a cyclical process with a period of 100 to 200 msec. The nature of this 


process is obscure. 
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It has been frequently assumed that veratrine has a “curarizing”’ action 
upon neuromuscular systems—1e., that, like curare, it stops transmission 
of motor nerve impulses, the nerve and the muscle remaining independently 
excitable and functional. The observations in section H render this 
assumption questionable (see also Boehm, 1920). In 4 of the 5 animals 
in which both nervous and muscular responses were recorded, a failure of 
the muscular reaction took place only when the nerve was obviously un- 
responsive. Such results are quite different from those produced by 
curare. Even in the one animal in which a decrease of muscular contrac- 
tions was seen while the nerve responses were unimpaired it is not certain 
that the failure was one of transmission. It is possible that the muscle 
may have become correspondingly unresponsive. 

A relatively simple hypothesis to account for all the striking changes 
which veratrine causes in nerve might be elaborated if a consistent corre- 
lation of these changes were present. A broad correlation of some of the 
changes is apparent upon superficial examination of the data. Thus, as a 
rule, a large negative afterpotential coincided with marked repetition of 
responses, with a supernormal electrical excitability after a conditioning 
shock, and with a decrease of spike magnitude upon repetitive maximal 
stimulation. Indeed, the time course of the four effects was roughly 
similar. 

A closer study, however, reveals important discrepancies in this correla- 
tion. Thus, large doses of veratrine may lead to large negative after- 
potentials with only slight repetition (fig. 3). Similarly, marked residual 
negativity may take place without supernormal excitability (p. 746, 
Graham and Gasser, 1931). The independence of the several effects 
observed is further emphasized if the analysis includes also the considera- 
tion of the demarcation potential and of the conduction velocity (p. 
737). 

It is likely that the broad correlations suggested by this and many other 
previous studies are not casual coincidences. The possibility of obtaining 
independent variations of the several properties, however, indicates that 
each property may be modified by other as yet unknown factors (ef. 
Graham and Gasser, 1931). 


SUMMARY 


The responses of circulated cat’s peroneal nerves were recorded after 
intra-arterial injections of veratrine. 

Veratrine has inconsistent effects on the demarcation potential (p. 737). 
It decreases the conduction velocity (p. 737). It causes repetitive dis- 
charges in response to brief single stimuli (figs. 1 to 5). It increases the 
negative afterpotential (figs. 6 to 8). It results in a decrease of spike 


potential magnitude (figs. 9 and 10). It elicits alternation of responses at 
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certain frequencies of stimulation (fig. 11). It first augments and late 
depresses the resting electrical excitability (p. 745). It alters the norma! 
relationship between the thresholds for make and break stimulation by 
direct current pulses (p. 745). Large doses reversibly abolish all responses 
(p. 747). 


A broad correlation was found among negative afterpotential, repeti- 
tion, supernormality, and decrease of spike potentia! amplitude. This 
correlation, however, had many exceptions. Each of these features could 
vary independently (fig. 3; pp. 748-750). 
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A cellular limitation in the renal tubular reabsorption of glucose is 
manifested by the inability to transfer more than a certain maximal 
quantity per unit time. For convenience we term this quantity glucose T’m 
and express it in milligrams per minute. In the normal, well hydrated 
dog, glucose reabsorption remains essentially complete with successive 
increments in plasma concentration until the filtered load' approximates 


glucose Tm. Further elevation of plasma glucose results in abrupt gly- 


curesis and the quantitative excretion of the excess glucose. Under these 
circumstances glucose excretion is equal to the difference between the 
filtered load and glucose Tm (1). The usefulness of a Tm measurement in 
physiological investigations depends to a large extent upon its stability 
and reproducibility. This report presents an examination of the glucose 
Tm with specific reference to these qualities. 

EXPERIMENTAL PROCEDURE. Seven healthy, well-trained female dogs 
were used. In general the experimental procedure was the same as_pre- 
viously described (1). The plasma level was quite constant during any 
series of observations except in those which specifically examined the 
effect of a changing plasma level. As a routine the absolute plasma con- 
centration was sufficiently high that the filtration load was at least 1.5 times 
glucose Tm. The hydration of the animal was assured by the preliminary 
administration of 50 ml. of water per kilogram. This was an adequate 
fluid reserve in those experiments where the urine output exceeded the 
infusion rate. The experiments which simply evaluated glucose Tm 
followed the routine of the first three periods of the experiment shown in 
table 1. 

Glomerular filtration rate was assumed to be equal to the plasma creati- 
nine clearance. Tubular reabsorption of glucose was caleulated as the 
difference between the glucose load and its concurrent rate of excretion. 
A correction was made for renal dead space if there was a rapid change in 
plasma concentration. This was measured in our animals by determining 


‘In milligrams per minute this is equal to the product of the rate of glomerular 
filtration (ml. per min.) and the plasma glucose concentration (mg. per ml 


GLUCOSE 


the amount of clear urine excreted following the intravenous injection of 
10 ml. of concentrated evanol solution. The dead space was rough! 


proportional to urine flow a consid rable range and Wiis uite ClOs¢ 


to the amount of urine for ned in two minutes (mean 2.23 n 
EXPERIMENTAL RESULTS The influence of changing plasma 4q 
concentration on tts renal tubulai eabsorptior In a series of 13 experiments 


glucose 7m was measured in three periods at a constant elevated plasm 
glucose concentration; the glucose in the infusion fluid was then removed 


or decreased in concentration and additional observations made as the 


1? ) ch ¢ ] 
1/37; dog G 
QO time OOO n \ ht 
4) 40 g Ss cre 25 grams glu 
Nal 
1-116 C‘onstant Is ad he H.0 
Glucose 20 pe ent, creatinine 0.6 pe ent made up in 
cent Naf 
SO Initial period started 
6-end Infusion ntinued ite 6.01 ( 
per cent made pon per cent Nal 
PE ASMA LEI s 
' ) N REN URINI REATININE 
NUM M FLOW EARANCE : 
BER Crea Glucose Filtere 2 
| S5- Of 18.6 666 SO. | 533 
2 104.5 14.4 648 77.6 293 210 
113 10.2 624 S4.5 527 22) 
} 120-128.5 167 82.2 172 
5 [37.5 532 82.8 275 
6 148 1.6 31.6 220 83.2 1S3 175 
165 31.6 75 150 150) 


* Less than 0.5 mgm per minute 


plasma concentration was falling (table 1, fig. 1). Glucose Tm was taker 
as the mean of the three initial observations. Reabsorption in the sub- 
sequent periods was calculated as the ratio of the observed rate to glucos: 
Tm (i.e., T/Tm). In figure 1 these ratios are plotted against the filtration 
load for the period, also expressed in terms of Tm (i. e., load/Tm). In 
other experiments, observations on a rising plasma glucose were contrasted 
to subsequent periods when the plasma concentration was falling. In 
still others, observations on a rising curve were compared to subsequent 


periods at the high plasma concentration. 
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lhe experiments of the first group (fig. 1) are the only ones which suggest 
that glucose reabsorption may be conditioned by the direction and rate 
of change in the plasma glucose®. Even in this group the effect is neither 
constant nor extensive. The ratio 7'/7Tm on a falling plasma glucose is 
significantly below 1.0 in a few experiments but the mean of the entire 
group is 0.941 (@ = +0.070, 37 observations) and there is extensive 
overlapping between these and the control observations (1.00 + 0.53, 
36 observations). This is an uncertain demonstration that a rapidly 
falling blood glucose level influences reabsorption. It is our belief that 


the mechanical factor of renal dead space is quantitatively more important 


ee 
4 ee 
a a? 
Fig. | Fig. 2 


Fig. 1. The effeet of rapidly falling plasma concentrations of glucose on its renal 
tubular reabsorption 

‘Lhe control periods which serve as the standard of reference in each experiment 
are not shown. Each dot represents the ratio observed in a single expe rimental 
period, Periods in which the ratio load/Tm spans the value of 1.0 have been omitted 

Fig. 2. Showing the lack of correlation between glomerular filtration rate and 


OS¢ 1 


Rach point represents an experiment of three or more periods The mean glo- 
merular filtration rate and glucose Tm has been calculated for each animal Phe 
values for each experiment have been plotted as the fractions of these means Phe 


symbols used to represent each of the animals are as follows: A, dots; H, circles; B, 
open triangles; G, filled triangles; CT, half filled squares, C, half filled circles; P, 


CTOSSE d circles 


than this. The latter makes it difficult to obtain a plasma concentration 
which is representative of the period. However, the necessity for a constant 
plasma glucose in the measurement of Tm is derived from both factors. 

The influence of excess insulin on glucose reabsorption. This was observed 
in six experiments. In each of these, a series of three control periods was 
obtained at an elevated plasma glucose level, 50 units of insulin were 
administered intravenously, and after an interval varying from 0 to 50 
minutes a second series of observations was made. A summary of these 


2 The rate of change of plasma glucose in most of these experiments was com- 


parable to that shown in table 1. 
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experiments is given in table 2. A depression of 10 per cent or more 
the reabsorption of glucose was demonstrated in 4 of 6 experiments 

The influe nee of adrenaline on glucose reabsorption We have not ex- 
amined this in the dog, since there is an adequate series of observations ot 
man (2). These experiments were similar in design to the insulin experi 
ments. There was no change in glucose Tm which could be related to the 
influence of adrenaline on the transport system. 

The re producibility of glucose Tm. The measurements of glucose Tn 
in aseries of normal dogs’ subjected to repeated examination are given in 
table 3. These are sufficiently numerous in 5 dogs to define the variability 
which may be expected over a period of months. No precautions were 
taken to control the diet, nutritional status or general activity of the 


TABLE 2 
The influence of a large intravenous dose of insulin on the renal tubula eabsor p 
glucose in the normal dog 
RATI 
BEFORE INSULIN AFTER 50 UNITS INSULIN INTRAVENOUSLY GLUCOSE 
REABSORP 
DOG TION 
NUM Cr 
BER | Number Nun rime 
f inine Plasma | Glucose |) inine Plasma Glucose INSULIN 
clear- glucose I'm cleat glucose BEFORE 
— INSULIN 
per magn pe 
im 
2 per cent er mt ma ce per min 
\ 3 77.0 $44 206 {8-07 86.3 1S] 8S 
3 18.4 857 14 29-87 | 52.0 764 173 
H 62.4 S78 252 3 44-96 64.0 O15 220 
3 83.1 167 243 | 32-90 | 84.6 545 257 1.06 
3 53.1 999 227 5 16-95 | 52.9 | 1213 174 0.77 
B 3 67.8 S27 220 6 0-93 69.4 SO3 212 OOF 


animals except in the case of dog C. The protein content of the diet was 
varied considerably in this animal with no effect upon glucose Tm (general 
mixed diet 5/1/37 to 5/19/37; high protein diet 5/19/37 to 5/28/37; 


low protein diet 5/29/37 to 6/9/37; general mixed diet 6/10/37 to 10/26/37, 
see 3 for composition of diets). We did not observe the changes in glo- 


merular filtration rate which usually result from such dietary changes 
(3, 4, 5). However the maintenance of a high filtration rate may be at- 
tributed to the generous use of intravenous fluids. 


Dog P died two days after the last experimental observation At the time 
this experiment (6/11/37) he gave no evidence of distress The lowe ring of i 
Tm in this experiment may be a true expression of variability in the normal animal 


however, we believe that this experiment should be withheld from inclusion it 


general consideration of the data 
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OF FILTRATIK 
PERIODS RATE 
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the normal dog when repe 


months 


GLUCOSE 
Tm OBSER 
['m MEAN 


3 

GLUCOSE GLOMER 
mgm./min l./g» 
\ 6/ 7/39 3 77 1.66 206 1.00 0.374 
6/12/39 1S 2.12 194 0.94 0.247 
10,39 3 }] 2.55 190 0.92 0.216 
16,39 } 55 3.25 195 0.95 0.282 
24/39 oS 75 2.03 220 1.07 0.341 
31/39 3 60 0.90 0.324 
6/14/40 3 65 1.70 236 1.15 0.275 
6 24,40 3 71 1.82 220 1 07 0.325 

62 
H 6, 5/39 ; 62 2.16 252 1.06 0.246 
6/ 9/39 , S3 1.59 243 1.03 0.342 
6 26,39 3 53 227 0.46 0.233 
7/1939 3 OS 2 61 233 0.292 
6 18 40 82 1.29 231 0.97 0.355 

70 237 
B 6/21/39 3 6S 2.55 220 1.07 0.309 
7/12/39 5 7S 2.47 19] 0.93 0 40S 

73 205 
by 6/20 40 3 76 1.83 276 0.93 0.275 
6 28 40 3 S7 1.9 203 0.99 0). 207 
12/26/40 3 SS 1.53 317 1.07 0.277 
1/24/41 3 100 1.35 30] 1.02 0 362 
1/30/41 3 132 1.72 0.454 

OS 
G 5/14/37 6 7s 22U 1.03 0.356 
5/26/37 5 S7 20S 0.418 
6/14/37 3 S] 2.39 215 1.0] 0.376 
10/ 4/37 ; 64 2.19 213 1.00 0.300 
10/20/37 3 74 2.40 211 0.99 0.349 

77 213 
519/37 6 12S 285 1 03 QO 449 
§/21/37 2.23 321 1.16 0.308 
5/28/37 3 126 2.96 274 0.99 0.460 
6/ 7/37 5 104 245 QO SS 0.425 
6/ 9/37 7 115 t 26S 0.97 0.429 
10/11/37 2 SO 2.25 276 1.00 0.200 
10/25/37 3 119 2.18 272 0.438 

110 277 


* Died 2 days |: 
+t Observed at 


The reproducibility of glucose Tm in any one animal is quite striking 
The variation is more than +10 per cent of the mean for any animal in 
only 3 of 35 observations. This consistency is quite impressive since the 
measurement itself has an error in the order of magnitude of +5.0 per cent 
The mean glucose Tm derived from any three consecutive experiments 


would be quite adequate as a standard of reference for the study of subse- 


quent change and a difference of 10 per cent or more would have significance 
if it were capable of consistent reproduction. The independence of glo- 
merular filtration rate and glucose Tm previously noted in a limited series 
of observations (1) is clearly evident in the present data (fig. 2). 

DISCUSSION. Relatively lew precautions need be observed in measur- 
ing glucose Tm in the dog because of the stability which characterizes the 
system. The insulin experiments suggest that an extensive change in 
cellular metabolism may be a factor in conditioning the transport mecha- 
nism. However, the absence of any change when adrenaline is admin 
istered or when the dietary regime is extensively varied minimizes thi 
practical significance of this. The constancy and the absolute level 
plasma glucose are obviously important. Rapid changes in plasma con- 
centration should be avoided it only to prevent an erron due to renal dead 
space. An additional reason lies in the possibility that such changes may 
in themselves affect the activities of the system. Any absolute concentra- 
tion which results in frank glycuresis will be adequate to saturate all the 
nephrons? in the normal, well hydrated dog since further clevation 
does not result in any increase in glucose reabsorption (1). When the 
measurement is applied to abnormal material higher plasma concentrations 
are advisable since this relationship between glomerular and tubular fune- 
tion may be altered (2). 


This is an interesting finding since there is ma 
the proximal tubules in the dog (1 One may 
proportionate variation in glomerular developmer 
balancing of tubular and glomerul 


tribute to total renal function 


GI COs! Tn 
TABLE 3-—Concluded 
D DATE 4 N LOA I 
at 
I 
5/24/37 O4 (). 25 
5/31/37 3 11S 2.03 0.355 
6/11/37 3 3.09 0 327 
LO] 340 
1 series of values for Load/Tm 
rked variability the lengt! 
fer from this t t there must | 
It this wer not so the pre 
uld not occur 
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Phe reproducibility of the glucose Tm is sufficient that it may be accepted 


as an excellent method for the characterization of the kidney. It is a 
quantitative functional measurement® of the tubular tissue available fo: 
glucose reabsorption (presumably proximal) under the conditions of the 
experimental rountine; hence the tissue with operating glomeruli (6, 7). 
It is to be stressed however, that the expansion of plasma volume which 
accompanies the maintenance of an elevated plasma glucose may bring 
into action glomeruli which otherwise would remain closed. 

The relatively constant glucose Tm, despite variations in glomerular 
filtration rate, is in keeping with the histological evidence that essentially 
all the nephrons are continuously active in the normal dog (8). The 
absence of an increase in glucose reabsorption with progressive elevation 
of plasma glucose is also in favor of this interpretation. It seems likely 
that if there were a considerable number of inactive nephrons at moderate 
plasma levels some of these would be serviced by blood when the circulatory 
system is expanded by the high infusion rates necessary to produce severe 
hyperglycemia (1). In this view, variations in glomerular filtration rate 
such as we have observed are due to changes in the filtration pressure of 
the entire glomerular bed rather than to changes in the number of active 
nephrons. It may be possible that under certain circumstances nephrons 
can be withdrawn from activity as seems to be true in the avian kidney 
(9) and that some of the larger variations in our data may be the result 
of this. However, large variations in glucose Tm were too infrequent in 
our data to make this a safe conclusion at the present time. 


SUMMARY AND CONCLUSIONS 


1. The glucose reabsorptive system, as evaluated by glucose Tm, has 
considerable stability in the normal dog. Although we have observed 


> Our data are too meagre to establish a correlation between glucose Tm and body 
weight, surface area, or kidney weight. The variation in 7'm per gram of renal tissue 
is quite surprising.” This warrants specific examination over a wider range of both 
variables and should include other methods of expression of tissue mass. The data 
pertinent to this comparison which are at hand follows: 


Doe GLUCOSE Tm BODY WEIGHT* SURFACE AREA* KIDNEY WEIGHT 


mgm. per min kgm sq.m. grams 


206 0.60 100 
237 0.69 138 
205 ; 0.68 104 
296 yt 0.92 152 
215 0.78 148 
277 y 1.03 

340 26 1.04 


first examined. 


‘ 
\ 
H 
B 
CT 
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some depression when the plasma glucose falls precipitously, this is slight 
and ineonstant. Adrenaline has no effeet upon glucose transport and one 
must use excessive doses of insulin to produce a significant depression 
then it is not a constant phenomenon. 

2. For the valid measurement of glucose Tm it is essential to work at a 
constant plasma level of adequate absolute concentration and to provid 
for the adequate hydration of the animal. It seems unlikely that clos 
control must be maintained over other variables. 

3. The reproducibility of glucose Tm measured under these conditions 
is excellent. It is recommended as a dependable means for the quantitative 
characterization of tubular (proximal) reabsorptive function. 

!. Contrary to the constancy of glucose Tm the rate of glomerular 
filtration varied widely in these experiments. This feature of the data and 
other considerations indicate that under the conditions of our experiments 
essentially all the glomeruli are functioning and variations in filtration 
rate are the result of changes in the filtration pressure of all glomeruli 
rather than in the number of active nephrons. 

APPENDIX. Chemical methods. The handling of the sam 
taken in the analyses were the same as in our previous report (1 
methods used in the experiments on dogs C, G and P were also the 
remaining dogs these were as follows: Plasma filtrates were prepared in 1:10 dil 
using the ferrie sulfate-barium carbonate method of Steiner, Urban and West 


Excess barium in the filtrate was removed by the addition of minimal quantities « 


sulfurie acid, CO, was then shaken off and the pH adjusted to 7.0 with phenol red 


and sodium hydroxide. The urines if not contaminated by protein were not precipi 


tated. Creatinine was determined by a modification (4) of Folin’s alkaline picrate 


method. The optical density of each sample was determined exactly 10 minutes afte 


the addition of the alkaline picrate. True glucose was determined as the difference 
between the reducing power of the samples before and after ibsorption on veust 
using the method outlined below All colorimetric determinations were m 
the Evelyn photoelectric colorimeter. 

The Folin (13) sugar method proved to be unsatisfactory for adaptation 
photoelectric colorimeter The reagent deteriorates rapidly, is evidenced 
progressive change in the slope of the standardization curve and there is a 
rapid change in optical density after the addition of the acid phosphomolybdat 
subsequent dilution. Furthermore the line relating optical density to glucoss 
centration does not ¢ xtrapolate to 100 per cent transmission at zero glucose 
tration. 

Our modifications circumvent these difficulties to a large extent and introduce 


flexibility with respect to glucose concentration In its present form, however 


method is not reeommended for general application Its most serious 

sensitivity to a change in the carbonate: bicarbonate ratio, a characteristic of c¢ 
reagents of this general type. For this reason it is essential that plasma proteins 
are precipitated by a method which vields a filtrate essentially neutral and with no 
significant buffer capacity. The method described above satisfies these re 


ments. 
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alkaline copper solution has the following composition 


Reagent I 


CuSO,-5H.0 
arbonate 

Water o 1.0 liter 
Vhis is prepared as directed by Folin except that the copper sulfate is added at the 
ti 1 ! reagent is made Some reduced copper usually precipitates tn the 
first few days, but this may be disregarded if care is exercised when removing the 
supernatant fluid. The reagent is quite stable despite slow changes in the boiled 
blanks. Standardization curves are reproducible for a period of 5 or 6 months, which 
is as long as we have observed any one sample of reagent 

The-acid molybdate solution is made up as directed by Folin except that the 


strength of sulf 


iric acid is increased by 30 per cent. This tends to stabilize the 
reduced phosphomolybdate color, although the degree of stability varies to some 
extent with different lots of reagent The drift in optical density is generally less 
than two per cent in the interval of 20 and 30 minutes after the addition of the dilute 
phosphomolybdate reagent. We have routinely read our determinations from 20 
minutes, on wards 

he determinations are carried out as directed by Folin with the following excep 
tions. There is no preliminary adjustment of the pH of the test solution in the sugar 
tube prior to the addition of the copper reagent the boiling time is taken as 10 min 
utes, and before reading the samples are permitted to stand for 20 minutes after 
mixing with the dilute acid phosphomolybdate. With each set of sugar determina- 
tions three boiled blanks (i.e., water and copper solution) are included and 100 per 
cent transmission taken from the tube most representative of the three The vari 
ability encountered in the blanks enters as a serious difheulty only in the lowe: 
ranges of concentration (i.e., 2.5 mgm per cent or lower 

Standardization curves are constructed as usual with aqueous solutions of 
using the no. 635 filter for low concentrations (1.0-5.0 mgm. per cent) and the 
filter for the higher ranges (2.5-15 mgm. per cent The absorption curve of 
duced phosphomolybdate is such that no error results from the use of a wave length 


quite removed from the absorption maximum. Recoveries of glucose added in 


known amounts to plasma or plasma filtrates and submitted to our procedures wer 


usually well within +2.0 per cent of the theoretical Reproducibility in 


also within these limits. When proper care is taken calculating 


samples can be read with the no. 540 filter 
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